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belonging to Natural Hi ry, in the Museum of the U; 
nivers 

sity, ‘and if to Antiquities, i In. the oft the Ity of Ad. 
vocates. Much inconvenience, could hardly; fail to 
result ftom. ‘this arrangement, especially, 
of the Society, having, ; as of late, bee sen ‘tu 
gy, it became an object to’ collect’ 
which served to. illustrate the sabje under 
at hand when reference should be 
a’ Museum artanged with view. to lec 
(like that'of the' University), such 
this purpose could not easily. be preserved ; , the Professor of . 
Natural History must feel himself interrupted by the exami- 
‘nations which the Members of the Royal Society might wish . 


\ 


bg 
x | 
| 
| 
‘ | 
| 
‘ 


2 HISTORY of th SOCIETY. 


to make ; and it would often be a point of delicacy, not to give 
him the trouble that such examinations would require. | 

TuHeEse considerations induced the Society to apply for a 
new: charter, under which its collections should remain it its 
‘own possession, so as to be at all times accessible to its Mem- 

bers. 
the interest of the two: bodies jast might be 
somewhat affected by these alterations, the first. step taken 
was to give them information of the intentions of the Society, 
and to request their concurrénce’in a measure of such mahi-. 
fest justice and utility. The Faculty of Advocates readily as-— 
sented to this proposal ; and the University, though at first in. 
doubt whether it were not bound in duty to resist the al- 
teration, on more mature deliberation, resolved to withdraw 
all opposition. . | 

As it was not meant that the » new chases should have any 
retrospect, the Huttonian Collection, with a great number of 
other articles, the property of the Society, still remain in the 
University Museum. The foundation of a new collection, in 
the Society’s apartments, has been laid , by a cabjnet presented 
by Mr ALLan, containing specimens the rocks round Edin- 
burgh ; a collection by Colonel Imrie, illustrating the section 
of the Grampians which he has given in the 5th volume of the 
Transactions of the Society; and a collection of specimens 
. from Sir Groncr Mackenzis, illustrating the 

‘Tu New Charter, which follows, hardly Sitters in any thing 
- from that contained in the first volume of the Transactions of 

the Society, except in ‘what | res spects, the two, restrictions that 
have just been mentioned. 


CARTA 


, SOCIETATIS REGALIS EDINBURGI, 


wow 


- 


US: ‘Der gratia, Britanniarum Rea, 
Fidei Defensor ; omnibus probis hominibus ad qguos presentes li- 
tere: nostre pervenerint; salutem : Quandoquidem: Nos conside- 
rantes, quod petitio humilis nobis oblata fuerit a Regal Socie- 
tate Edinburgi, et prafideli nostro’ et ‘predilecto. consanguineo 

Henrico Duce'de Buccleuch, ‘ejusdem' preside, in nomine et vice 
Societatis, et omniuin ejusdem Sociorum ; in qua petitione enar- 


ratur, quod ‘per regiam' 10stram cartam, datam vigesimo nono 


togesimo tertio, Nobis benigne: placuisset constituere, erigere et 
nominatos mn ‘politicum ‘et corpo- 


die mensis Martit‘anno- Domini millesimo septingentesimo etoc- 
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-vatum, nomine titulogue Recauis Socirratis Eptnpourat, 
ad promovendas literas et scientiam utilem, cum facultatibus et 
tbidem concessis, et ut et capax sit 
defendendi, et eligendi, c canones et 
‘perpetuam successionem sub tali nomine habendi: quod, virtute 
predicte carte, Regalis Sooretas Edinburg, tta creata, substi- 
tuerit, suisque officiis a prima institutione, rite functa sit : quod 
carta predicté ordinatum fuerit, res antiquas, tabulas 
publicas, librosque manuscriptos, “qtibs acquisiverit Societas, in 
Bibliotheca Facultatis Juridice deponi ; aique universas res ad 
historiam hattralem pertinentes, acyuiriverit, 
in Musao Academia Edinensis deponi: quod, ab hac constitu- 
tione incommodum haud pardwm ortum-fuerit ; cim Regalis 
-Societas, nullum jus in Bibliothecarios Facultatis Juridica, nec 
in Custodes Musai Academia Edinensis, habeat, nec horas 
eorum ministerti regulasve admissionis -ad ea repositoria. pre- 
scribere possit, nec Societati licitum sit congressus suos in eo- 
rum alterutro tenere; que cum ita sint, hactenus Societati non 
licuit suas collectiones ita disponere, ut Sociorum aliorumve 
studio et disquisitioni .apte..suljiciantur, unde: et alia dona ex- 
pectanda essent.:, Quod  predicta: Societas, causd hee incommo-— 
da.amovendi,. nostrague bona proposita, in. hac institutione ad 
effectum perducendi, sapientie ,nosire:regié -humiliter. subjiciat, 
ut detur, Societats, jus, collectiones. suas cujuscunque generis uno 
in. loco déponendi, sibt. ordine placuerit, sub. custadibus a a 
Societate eligendis, ejusque. potestati.subjectis ; ataque ut\-car- 
tam, cum privilegys idonets humilibus  nostris, petitoribus conce~ 
dere dignemur ; -ut..et in, hac, petitione. oratum set, ut. Nobis, 
benigne -placeret. de. novo .Cartam., Nostram,Regiam cancedere. 
dicta Regalt Societati Edinburgi, gusque Sociis,..qua iterum. 
darentur June, facultates, .et privilegia, in carta regia. per 
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quam corpus creatum. fuerat -ooncessa, vet | 


provideretur, uti nobis in regia’ ‘nostra saprentia wdonetm 


deatur, ut Societati'- potestasdaretur vcollectionés tude 


uno cdificto: deponenth;. eis tepibus, et °mini- 
strés,\ qur 


conséntaneam, -et.certis: conditionibus. et ‘mbdis, presentibus 
expressis, eoncedi debere: Ie1tun, ‘constituimus, erizimus et 

tnconporavimus, sicutt.Nos.regid nostré prarogativd; gratid 
speciali, pro Nobis notrisque ‘regiis. swecessoribus, per has 
sentes, constituemus, erigimus, et incorporamus, predictum Hen- 
‘de Buccleuch, Sectosque dicta Regalis Sociéta: 
tis, atgue alios .qut\pestea eligentur Socii, in corpus 


liticum \corporatum, vel Jegalem incorporationem, nomine ‘et 


titulo: SocteTatis rer; “ad 'proinovendas 
literas ét scientiam\utilem, utque talis existens, et ‘tali’ ‘nomine, 
perpetuitatem habeat et successionem DECLARANT ES, ‘Quod 
dicta Societas capax.'sit ‘capére, tenere, et frui proprietite 
sew: personali, et \petere, ‘causas agere; defendéere et yes 
-gpondere, et conveniri, in jus Yrahi, defendi €t résponderi, in 


omnibus \seuwllis nostris Curiis\ Judicature ; déclavantes 


quod dicta Soovetati fas sit, sgillo, tanquam Societatis “sigilio, 


uti; dantes\potestatem dicte\ Societati; per’ majorém ‘suffragio:. 


rum eorum qui aderunt, eligendi Presidem dkosque 
pro“negotiorum administratione ;\‘neénon brdinandi 


canones, ‘ad -quos Socii sint eligendi et res ‘Societatis sint ‘admi- 
_nistranda, conditionibus hujus carte: sive’ donationis haud ‘in-’ 


congruentes, nec legibus et prazi nostri regni Scotie contra- 
rios ; et declarantes, quod hujusmodi canones sanciri nequeant, 


nisi rite propositi fuerint in congressu habito saltem uno men- 


si ante illum congressum quo sanciendi sint : dantes etiam po- 


testatem Societati ordinandi et administrandi collectiones Te- 


ati: placerent, “hosque sibisubjectos ‘habevet:— 
Et nos.certiores facti hance petitionem justam esse 
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rum antiquarum, tabularum publicarum, librorum manuscrip- 

torum,.et rerum. ad historiam naturalem pertinentium, quas 
Societas posted acquisiverit, easque in Musao et Bibliotheca, 
tali ordine et, modo ut Societati placuerit, deponendi: satvis 
tamen conditionibus, in hac nostra carta provisis ; declarantes 
 insuper hanc cartam nostram concessam esse sub his conditioni-— 
bus sequentibus,. videlicet, Quod jura, facultates, et privilegia, 
per prasentes in dictam Societatem collata, nullo modo detra- 
hent de ullo jure dominii qued competit Academia Edinensi in 
collectiones antehac depositas in Museo Academia, virtute car- 
t@ nostre Societati Regali data, pradicto vigesimo nono die 
mensis Martii millesimo septingentesimo et octogesimo tertio ; 
antedicta Societate quantum in se est astricta, omne jus, ad 
collectiones antehac factas et in Museo pradicto depositas, in 
dictam Academiam transferre ; et quod Historie Naturalis Pro- 
fessori copia introitds in Museum et Bibliothecam Societatis 
 Regalis detur equé ac Soctis ipsius Societatis; et quod dicta 
Societati non sit licitum constituere Professorem, pralectorem 
seu Doctorem Mineralogia, Geologie, aut Histerie Naturalis, 
nec suis collectionibus uti ad talem institutionem promovendam, 
nisi gua vel nunc sit, vel posthac fuerit, in Academia Edinensi. 
CUJUS REI TESTIMONIUM, sigillum rostrum per Unionis 
Tractatum custodiend., et in Scotia vice et loco Magni Sigilli 
ejusdem. utend., ordinat., , presentibus appendi mandavimus ; 

Apud Aulam, nostram apud St James's, vigesimo septimo die — 
mensis Decembris anno Domini. millesimo 
vo, regnique nostri anno ROUGE 


a 
Per 


| 
| | 
| 
| 
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‘ritten. to the Seal, aiid 
thirtieth day of August 1811... 
JaMES Dunpas, Dep’. 
Sealed at Edinburgh, the | 


thirtieth of August, 

-Qne thousand eight 

hundred and eleven 
years. 


James ROBERTSON, 
£80 Scots. 


Tuts chatter, as ‘well as the former, having left thre Society 
in possession of the power of making By-laws for the regula- 
tion of its affairs, it was proposed to revise the whole of those 
laws, and to make such alterations as, after the experience of 
thirty years, might appear to be necessary. : 

_ Tue Society, therefore, having at several General Meet- 
ings taken this abject: into consideration, after mature deli- 


beration, 
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beration, and with attention to the clause-in the charter- 
that respects the enactment of such laws, did, at a General 
Meeting, on the.23d,of December 1811, sanction the Laws that 
follow, and declare them. to be the rules by which the Society. 
299 be governed, till al, or any of them are regularly repeal- 
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HE, OF Epinporos. shall be of Ont 
mary and Members... 


‘EL. 
_ Every; ‘Membes, within three. months his. election, 


shall pay as fees of admission Three Guineas, and shall further be bound — 


into the hands of the Trea. 


shall be. at liberty. to compound for their 


tion, each paying according t to the value of an annuity on his life, deter- 
mined as.in the ordinary insurance on lives. Note 


The ‘power of raising the annual’ subscription. shall pei with the 


Ordinary Members, not residing in Edinburgh, and' not compound- 
ing for annual subscription, shall appoint some person residing in Edin- 
burgh, by whom the payment of the said subecription i is to be made, 
and om signify the same to the, Treasurer. 
b 


| 


’ 
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| OF THE 
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10 of the SOCIETY. 


V. 


failing to pay their-subscriptions. 


‘due application having been made to them by the Treasurer, shall cease 
“to be Members of the Society, and. the legal means for recovering such 
arrears shall be employed. 


ry 


‘None but Ordinary Members are to any office j in Seclety, of 
‘to vote in the choice of Members or to Anterfere in . 
(ALOR 


-the patrimonial interest of the ‘Society. 


The number of Ordinary Members shall be unlimited. 
VII. 


The s Oniaalits Members shall receive the volumes or parts of the So- 
‘ciety’ s Transactions, when published, at the booksellers price, or the 


, price at which they are sold to the.trade. This regulation to continue 


in force for five years from the date of its enactment ; and it is left to the : 


Society then to consider, whether the volumes ¢ cannot fy afforded gratis 
to the Members. 


"The Shidkety having formerly admitted ‘as Members, 
gentlemen residing at such a distance from Edinburgh as to be unable © 
regularly to attend the Meetings of the Society,’ with’ power to ‘such 
Non-resident Members, when occasionally in Edinburgh, to be present 
at the Society Meetings, and to take a part in all their inquiries and 
proceedings, without’ being subjected to any contribution for defraying 
the expences. ‘of the Society ; ; it is hereby provided, that the ‘privileges 
of such Non-resident Members already elected shall remain as before ; Bi 
but no Ordinary Members shall be chosen in future Under the title 
and with the. privileges of:.Non-resident Members. The Members at 
present called Non-resident shall have an option of becomin g Ordinary 
Members ; if they decline this, they shall continue Non-resident as ‘for- 


anerly, 
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The Members of the Society shall. te to thie~ 
contributions. They shall’be limited to Twenty-one, and shall. 
ballot ; it ‘shall. require the presence of Twenty-four Members at least 
to make a quorum, and the election shall be determined ‘by the majority 
of votes... 


of shalt ke: at one, General an- - 


No person ‘shall as an ‘Member, without a re- 
commendation presented by .a: Member:of>the Society, and subscribed 
by Three, to the purport mentioned below *{ which recommendatiun - 
shall be hung up in the Rooms of the Society, at least during Three-. 


to on: facility and: success those in : 
science andliterature, which are the. objects of the institution, the-So- 
ciety shall: be divided into two. Classes, the: Physical and. the:Literary 
Class ; the former having for its department the sciences of Mathematics, — 
Natural Philosophy, Chemistry, Medicine, Natural History, and what - 
relates to the af Arts and the latter 


_ "« A,B. a gentleman well skilled in many branches of Philosophy and: Polite Learning, - 
(Mathematics, Chemistry, Natural History, &c.) being.to our knowledge desirous of be- 
coming a Member of the Royal Society of Edinburgh, we whose names are subscribed, 

do recommend him as deserving of that honoar, 
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for its department the inquiries relative to Speculative Philosophy, An-— 


The Classes shall meet alternately on the ‘first:and third Mondays of | 
every month, from November to June inclusive. It shall be cotfipetent, 
“however, to bring matters of a Physical or Literary kind, before either 
Class of the Society indiscriminately. To facilitate this, one Minute- 
‘book ‘shall be kept for both ‘Classes; the. Secretaries of cthe»respéctive | 
‘Classes either doing the duty itternately, or to! kuch 


XVI. 

‘The Socicty shall from time to time make a publication of its Trans- 
‘actions and Proceedings. For this purpose, the Council shall select ‘and 
arrange the papers which they‘shalt'deem: worthy of publication in the 
Transactions of the aiid and shall ent the printing of the 
‘same. 


shall be published i in Pests! or Fase, and the ex- 
pence be — bye the 


Xvi. 


There shall be annually for g the 
regulating the private business of the Society, a Council, consisting of 
a President ; Two Vice-Presidents ; a President for-each;Class of the So- 
ciety ; Six Counsellors for each Class; one Secretary. foreach; a Trea- 
surer; a General and a of the Li- 
brary. 


“The election of the Office-bearers: shall be on the fourth Monday of 
November. 


Four Counsellors, Two from each Class, shall go out ‘They 


are to be taken according to the order $0, which. they diaieda and on 
the list of the Council. | fh oh’ 


| | 
-@ffice-bearers. 
| XX. 
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due. | 


He shall keep reguiar accounts all the and expended, 
which shall be made up and balanced: annually; and at the General 


Meeting in January; shall ‘present the accounts ;for the -preceding 


year to be audited. Atithis:Meeting the: Treasuter shall also lay, before 
the Society a list of all arrears due above twelve months, and the Socie- 


ty shall thereupon give such diréCfions as o may find necessary for 
TECOvety, 40 ined oft og eeu ad fled: 


i 
XXI. 


At the Gener! Meeting in November, a Connestiees of Three Mem- 


| bers shall be chosen. to audite the Treasurer’ $ accounts, and give the 
necessary discharge of his in intromissions. 


Cut? 


The report ‘of the éxamination ‘dnd shall be' laid Before the 


| a at the General Meeting i in January, and inserted in’ the records. 


The General Secretary shall take down minutes of the cisveeiians Of Secretary. 


the General Meetings ¢ of the Society atid of the Coarcil, and shall ‘énter 
them in two separate books. He shall keep a:list of the Donations ‘maile 


to the Society, and take care that an aceount' of ‘such Donations be pu-— 


blished'in the Transactions of the Society. He shall, as directed by the 


Council, and with the assistance of the other ne superintend the - 


publications of the Society. 


XXIIE. 

A Register shall be kept by the Secretary, in which copies shall be 
inserted of all the Papers read in the Society, or abstracts of those Pa- 
pers, as the Authors shall prefer; no abstract or paper, however, to be 
published without the consent of the Author. It shall be understood, 
nevertheless, that a person choosing to read a paper, but not wishing to 


| 
| 


Manuscripts, objects of Natural History, ‘Scientific Productions, ‘and 
_ other articles of a similar description beloriging to the Society ; he shall 
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| put it into the hebde of the Secnctaly shall be at liberty to withdraw | 
if he has: beforehand his intention. of doing 


Wo the abors, purpose, the Secretary shall be anne to emplo oy 


shall be in names: the Meter | 


A Seal shall be prepared and used, as the Seal of the Society. 


XXVL | 
‘The Librerian ‘shall have the custody and charge of all the Books, 


~ 


take an account of these when received, and keep a regular catalogue of 


the whole, which shall lie in the Hall, for the inspection of the Mem- 
bers, 


all of the description open to of 


the Members, at the Hall of the Society, at such times, and under such 
as the. fom time to time shall 


PRESENTS 


g 


PRESENTS made to the Rovit Soctery-or the 


q | | The Sixth Volume of the Scriptores Loguithmici—From Mr B Banox Mussam. 


Trea nthe Gon bythe De of Au. 
thor. | 


Tri Minerale pr M2 vale the Av 
thor. wit 


An Engraving. representing all the Mountains of the World, by. R. Riddel, Esq 


together with the History of Moun vols. Ist 
and 2d.—From Messrs Rippex and Wi1s0 


"Recueil de Quélqués Aintiquités’ trouvées sir les’ Bords Mer Noite, 


Lron pe Wexeu.—From the Author, 


Nova Acta Petropolitana, tom. 14.—From the of St Pe 
_tersburgh. 


Philosophical Essays, by Tuomas Gorpon, Esq; 2 ia ito.—From the Author. 
Transactions of the Linnean Soci, th ad From Linnean So- 


CIETY. 

Asiatic Researches, vol. 10th and 11th.—From the Bewast 

Philosophical Transsctions, for 180, 1810, 181 1.—From the Society or 
Lonpon. | 


of the Ist, 2d, and Sd—From the Aur- 
Rican AcapEMy. 
Transactions of the vol. 6th, part 2—From 


the American Paitosopuican Society. 


Observations on the Hydrargyria, by Gzoncz ine M. D.—From the Author. 


Transactions vol. Ist.—From the Grouo- 
Trevel 
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"1796 to 1804. Mitmsctipt copy of the § Sturlinga ‘Sega. ‘History of Iceland 
- during the 18th century. A compendium of Anatomy, translated into Ice- 
Apndies Sam, the Works Martingt, Kesey, on, 


verse.—-From Sir Grorcr 


Essay on the Natural History of the Selt-District i in Cheshire, by Dr Hoxtaxn.— 


Eollection of illustrating the Mineralogy of ‘the Contry round 


at 


— of Specimens, illustrating the Section of the Grampians, at 1¢ begin. 


‘Model ix in Relief, represe regenting t 
“Tov 


way —From Sir Jame: 


Golleetion:, of Specimens, illustrating 


2 
Sir 
Grorge Macken 1E Baronet, 
» 
‘ 
* 
‘ 
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DL deed om dt to 
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A rion of the which occur in from 


“the Piains of KINCARDINESHIRE to the summit. of Mount 


~ Bartoc, one of the moft elevated points i in the Eaftern Diftri& of | 


the GRAMPIAN Mounraint. By ‘Licutenant-Colonel 


“mo “mountainous of Scotland are fituated in its: 
weftern’ and ‘north-weft diftrids. From thofe parts of the 


country, féveral chains of mountains branch. off, and continue — 


their courfes: in’ various directions, and to various extent. “The 
moft ‘extended of thofe ‘chains is that of the Grampians. This- 
chain ‘takes its rife from nearly about the centre of the above al- 
pine diftrict, and continues its courfe in a ditedtion almoft-due 


eaft, or perhaps d little to.the fouth of that point, until it difap- | 


pears in the becwist the towns of Aberdeen and 
Stonehaven. 


Tus chain, in ‘its eaftern diftria of three ranges; run-- 


ning nearly parallel’ ‘to each other; the two lateral . ranges beipg 
eonfiderably lower than the central one, To.the lateral moun- 


tains are attached a ratige of lower hills, that flope down into: 


undulated- ‘grounds, which fkirt the adjacent plains. 


THe general’ thape ‘of the individual mountains. compofing. 


thofe three’ anges, is oblong, rounded, and fometimes flattith. 
on. the tops; their length is always in the dire@tion of the- 
A. 2: chain; 


| 
| 
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40 DESCRIPTION of the 

chain, that is to fay, from weft to eaft: and I have obferved, 
not unfrequently, that the weftern ends of thofe oblong moun- © 
tains are more bulky t than their eaftern extremities, and | that they 
flope and taper i in fome degree towards this quarter. Their ge- 
neral covering is that of a coarfe gravelly foil, produced by 7. 
own decompofition ; and the produce of this foil is heath. 

upon fome of the heights in n the c central range, Ihave found bed 
or layers of that {pecies of turf called Peat, from fifteen | to. twen- | 
ty, feet. in. ‘thicknefs, which repofe upon. the Sik that 
there covers the native rock. <1 283 

At this eaftern part of the Grampians, where 1; am now se 
to endeavour to give a defcription of the ftratification, the moun- 
tains feldom fhow any, confiderable extent-of naked rock. 

In their courfe to the eaftward, as they approach'the fea, they 
begin to contract in breadth, and cover much lefs fpace of coun- 
try 3. and where they finith- ‘he eir courfe at the. fea, their height 
will. {carcely entitle them to the appellation of hills : but although 
they become fo. diminutive i in height and in: breadth, yet the ma- 
terials of which they. are. formed- continue the. fame. as. thofe 
which compofe the ranges where they : are in. their ‘greateft. alti- 
tude, and their exterior characters, as to form and figure, calfo 

the rivers which have in the Grampians, 
that of the North Efe is not the firft in rank as to fize, nor, is it 
the mott diminutive. Ata confiderable diftance from 


fills slowing lake th the North 
iffues, not in a very confiderable. flow, but, being foon joined: by 
other ftreams and alpine torrents, it : fwells to a confiderable, fize, 
and continues a courfe from this lake _almoft due. aft, betwixt 
the central and ‘fouth lateral ranges of. the mountains, for ex- 
tent of about feven miles: it then fires Mount-Battoc, and. be- 


ing 


‘ 
= 
% 


almoft ata right.angle,.and from thence ‘flows in a due fouth di- 


reGtion. _In-this .direétion; it opens a way for itfelf through 


‘the fouth lateral range, and enters the plains of Kincardine, and 
Forfar. fhires, where it immediately becomes:the' line of divifion 


of. thofe two counties..; plains by a hollow betwixt 
the ‘two ‘low hills of Garvoke and Pert, and after a courfe of near- 


ly. thirty miles from its fource, it joins the fea fomewhat to the 
eaftward of the town of Montrofe. It is in the bed of this river 
that I have examined the {trata of the Grampians of which I am 
now to give a defcription. - The feétion extends about. fix miles, 
from the horizontal grit or fandftone 1 in the plain; tothe granite 
of Mount Battoc, which is one of the gmountains in the central 
range, and one.of the: higheft of the chain in that part of the 


tains, which are here nearly in a vertical pofition. rE 
_ In this fhort ftretch of fix miles, a great deal of matter highly 
interefting to geology prefents itfelf. In it, we pafs from the fe- 


with granite, the primitive rock in the conception of many geo- 
logifts. Thus, it embraces a complete range of the foflil objects, 
which in this part of Scotland intervene between that which is 
deemed. the: oldeft and what is accounted the moft recent in point 
of formation.» From. the various '‘ftrata. ftanding in a pofition 


thefe ftrata, at. right . angles, the fucceflion is uncommonly 


this country, and .of .the- materials. compofing is to a great 
depth, is open to the attentive obferver.. In addition to this fine 


3 ~ 


be 
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ing there’ unpededs: in-its eaftern diretion, by’ éf the lille 
forming the, bafis.of that mountain; it then changes its courfe, - 


country. My dire@tion, in this examination, is about due north, 
piercing through, almoft at right angles, the ftrata of the moun- 


_condary horizontal ftrata of the n:weft formation, to the verti- 
cal, contorted, primary ftrata of the oldeft date, and terminate 


vertical, or nearly. fo, and the. river North E(k, cutting acrofs 


well exhibited to: view, and a fair difplay of the ftru@ture of 


“play. of the fuccéffion of ftrata, the. arrangement of them will | 


| 
| 
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be found to offer fome very curious and important faéts, parti- 
cularly the gradual elevation, and the final perfect vertical pofi- 
tion of the fandftone and puddingftone, as well as the rather un- 
ufual manner in which the fecondary and the older — meet 

each other. | | 

In the feries here to be defcribed, the repeated occurrence of 
rocks of the whin and of the porphyry formation, refpecting the 
origin of which opinions are fo much divided, adds confiderable 
intereft ; efpecially when the form and fituafion in which they 
occur, and the condition of the contiguous rocks, are taken 3 imo 
confideration. 

In the account which I am now about: to give, I fhall endea- 
vour to lay down a fair reprefentation of the facts as Nature pre- 
fents them, unbiaffed by any of the prevailing theories of cof: 
mogony. I fhall avoid every geological difcuflion whatever, 
leaving it to others to draw thofe conclufions, in relation to 
their own fpeculations, which they fhall ; imagine the — to: 
warrant. 


In that part of the plains of Kincardinefhire from which I 
take my departure, the native rock confifts of Siliceous Grit or- 
Sandftone, which is here divided into an immenfe number of 
beds or layers, of various thicknefles, from one inch to four fee, 
folid ftone. In many places, gravel of various fizes is found im-— 
bedded in this grit ; which gravel confifts moftly of water-worn. 
quartz, and finall-grained granites. The colour ef the general: 
mafe of this grit is a dark-reddifh brown, and in fome few pla- 
ces it fhows narrow lines and dots of a pearl-grey colour. “The — 
component parts of this grit confift of {mall particles of quartz, 
and ftill more minute particles of filvery-luftred:mica: thefe owe: 
their cohefion in mafs to a:martial argillaceous cement, to which. 
this rock alfo owes its colour. Thofe lines and dots of pearl-. 
grey colour, generally occur in the moft folid and thickeft beds. 

of. 
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of the rock: they-are. formed of the fame materials with the 
other parts. of the ftone;:but into them the ferruginous ftaining 
matter has not apparently been able to penetrate, and they de- 


rivetheir prefent greyifh appearance from the natural colour of 


- its particles of quartz, which are here per fe of a bluifh-white 


tint.. This rock, in:the plain, is perfectly horizontal in its pofi- 
- thon; but upon its approach towards the undulated grounds, 


which here form the loweft bafis of the Grampians, it. begins to 


rife from its horizontal bed, and, gradually increafing in its ac- _ 


clivity towards the mountains, it at laft arrives ata pofition er 
fectly vertical. | 


For the firft quarter of a mile from where this grit begins to 


leave its horizontal pofition, the rife is very gradual; but after 
diftance, it more rapidly andi ina mile it gains its 
vertical pofitions 


WHERE this or fandftone jock. is in ite folid ftate, 


and where its pofition is perfeftly vertical, betwixt two beds or — 


layers of it, there occurs a bed-of Whinftone forty feet broad. 


THE main body of this bed of whin interfeéts none of the 


layers of grit, but ftands upright betwixt two of them, to both 
of which .it.is clofely joined. The river, at this place, has, in its 


paflage, worn down this bed of whin equally with that of the — 


adjoining grit, and a perpendicular face of it can be examined 
upon each fide of the river, from fifty to fixty feet in height. — 
Uron examining the fection of this bed, I found upon the eaft 


fide of the river two branches, which {prung from the main body — 


of the whin, nearly where the water of the river at prefent wafhes 
the bafe of its. perpendicular furface.. One of thofe branches 
{prings from the right fide of the trunk, and the other fprings 
from the left fide: they at firft diverge from the trunk as they 
afcend, and where they pufh out laterally, they interfect the con- 
tiguous ftrata, and penetrate them in a zig-zag manner; but at 
latt, ina two of the layers of the 

tinue 
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tinue their direétion, upwards, decreafing in thér: ‘as 
they afcend, until they: finifh their-courfe near to the fuperficial 
foil which here covers the rock. ‘ The grit contiguous ‘upon both 
‘fides to the bed-of ‘whin, is confiderably. harder ‘and niore ‘com: 
pact than it is in any other:part of ‘the ftratification’; arid’ that 
angle of the grit which lies between the body. of ‘the whin-and 

its branches, is more. Grace of upor 


Wy 

Grit | Grit i in . 
vertical | 

pares 2, 
‘river. 


of is not very in its texture. Its 
fracture is fomewhat earthy, and is of a brownifh-black colour ; 
but it has a confiderable degree of induration, ‘and 
-fpecks of luftre in it. . Having:paffed this bed of whin, ‘thé grit 
continues in the fame pofition ‘as immediately before the whin. 
occurred ; but,-foon after, the'gravel, which I have’ mentioned. 
to be in fome places imbedded in the grit, increafes in ‘quantity, 
and at laft the ftrata are formed‘of a rock compofed: entirely of 
that fpecies of gravel, and which may be’called Gravel-ftone’or 
Plum-pudding-rock. This aggregate conftitutes a ftratum four 
hundred yards thick. - Its ftreteh is nearly: from-weft: to eaft, 
and it is vertical in its pofition. <Its: compofition: confifts ‘of — 
quartz, porphyries, and fome fmall-grained “granites; ‘all: of 
which have evidently been rounded by attrition in water ; they | 


are: 


| | 
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are of a vaft variety of fize, from that of a pea to the bulk of an 


oftrich egg... Thefe are all firmly combined by an argillaceous 


ferruginous cement. In:fome>pafts of this gravel rock, are to 
 be-feen thin lines of a fine-grained grit, ftretching through it 


from weft to eaft; i+ ts by thofe lines alone that the vertica-— 
lity and the ftretch of this mafs is bass co- 


lour, in mafs, is: that of a ferruginous red. 


_'Txis plum-pudding rock is immediately followed by a ie 
ceffion of ftrata of fine-grained grit, in thin layers : it has a very 
cenfiderable degree of induration, and is of a dark ferruginous 
brown colour. This deviates alittle from the vertical pofition, and 
inclines to the fouth : the ftretch is from weft to eaft, and its ex- 
tent towards the north is two hundred and fixty ‘yards. To this 
rock immediately fucceeds a {pecies of Porphyry, the’ principal 


mafs of which confifts of an indurated argil. Its colour is of a — 


purple or lilac brown: its induration is very confiderable, and 
its fracture is rough and earthy. The materials which are im- 
bedded in its mafs, confaft of fmall: particles of quartz, felfpar, 
blackifh-brown mica, and {pecks of iron ochre; all of thefe are 
but thinly fcattered. The fpace in the courfe of the river occu- 
pied by this porphyry is two hundred and twenty yards: its 
ftretch is nearly from: weft'to eaft, and it inclines in a {mall de- 
gree to the fouth. The rock which fucceeds to this porphyry, 
and which is in contact with it, is difficult to defcribe ; and this 
difficulty arifes from the great diforder of the ftratification, and 
the variety of materials compofing it. The ftrata of this bed do 
not fucceed each other in a regular manner. Portions of them 
of various dimenfions lie together, but very vartoufly difpofed : 


fome are vertical, fome horizontal, fome dip to the fouth, one 


only to the north, affording a folitary inftance of a northern in- 
clination of the ftrata in this field of examination. ) 
THE materials of this mafs of confufed ftratification, are of 


Vor. VI.—P. I. abounds, 


‘very different defcriptions. In one place, a quartzofe ftone 


% 
| 
| 
| 
| 
| 


abounds, of a granular texture: it here, in general, refembles'a — 
fine-grained, highly indurated, and compact quartz fandftone’: 
fometimes, however, it approaches to hornftone, and ‘even fome- 
times to quartz in mafs. Much of it has a white colour» the. 
reft is tinted of an ochery brown, of different fhades. In other 
_ places, the ftratified matter confifts of a ftone of'a laminated: tex- 
ture, with undulating lamellez of a ferruginous tint; looking like 
an indurated fhale ; and various gradations of both kinds:prefent. 
_themfelves. This is in thicknefs three: hundred yards; 
and to it immediately fucceeds a very narrow ftratum of Argii> 
lite, which is of a. any! 
lated. 

Tuts argillite i is a bed of Whin, feet: 
broad. This whin is of a dark blackith-brown colour, and is of | 

a more compact texture, than the whin which I have'defcribed 
occurring in. the grit, and: is poffefled:of more. induration 
of compofition are nearly the fame-in bothh 
Its general ftretch is nearly from weft to eaft; but in this. 
- ftretch, where it has been expofed to the eye by the river, it is 
-fomewhat curved, and prefents its convex fide to the mountains. 
To this bed of whin fucceeds a narrow’ ftratum of Argillite, per- 
feétly fimilar to: that which: I have juft now: defcribed: upon its 
fouthern fide. To this fucceeds a feam of Limeftone, fix feet 
broad. This limeftone is of a pale blue-colour, and is much in- 
‘terfeGted by {mall veins of di-. 

In this was to trace remains any 
animal or vegetable production. Its: pofition is vertical, and it 
is immediately fucceeded by. narrow. of 
thinly lamellated. 

To this narrow ftratum of’ arpillite a bed of Whin, 
feventy-five feet broad. This whin is, in its texture, more com- 
pact; and its fracture difplays a {moother furface than either 


| 

| 

| | 
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of the two whing Which Ihave had‘ occafion to mention. 


Its colour is of a dark-bluifh black. In tracing, with my eye, : 
its vertical cracks and fiffures, I thought I could perceive a rude — 
tendency to prifmatic forms. is ‘vertical’s in ats pofition ; and 


its ftretch is from weft to:eaft. 

‘Tuts bed of whin ts faccesded by an Argillite of fhivery tex- 
ture, and confufed ftratificatidn ; but as it recedes from the 
_whin, and:approaches the mountains, it becomes regularly ‘ftra- 
tified. This ftratum of flate is of great extended thicknefs; andi it 
‘contains a‘vaft variety of colour and of tint. The colours are, 
pale greyifh-blue, yellowifh-green, reddifh-brown, purple and 


black, with a great variety of tints-of all thofe colours; but the 
predominant colours. are the greyith-blue and the yellowifh- 
green; of which two there are twe forts; the one foft, and the 
other much indurated. The foft is thinly laminated, and fre- 
quently paffes over into the highly indurated fort, i in which the 


appearance of the laminated texture is almoft loft. 


_ In this long fucceffion of argillite ftrata, fome fubftances’ | 
cur are to its as | 


&e. 


THE are in of blood-red and are 
much veined with white quartz: they occur in large amorphous 
maffes, and in nefts, of eliptic forms, of great variety of fize. 
One of thofe bodies of jaiper, in the ecliptic form, has been cut 
through by the river, and-is now to be feen in the face of the 
perpendicular rock, upon each fide of the ftream. Its fize is thir-' 
ty feet long, by ten broad:: the points of its-tranfverfe axis are 
Sharp ; and it ftands upright in the argillite. ‘The maffes of this 


matter which occur amorphous in the argillite, are of great mag- 


nitude. I have traced one of thofe for thirty yards in extent. 


All-of thofe jafpers are of great induration, and take a high po- 


lifh. Both the amorphous and the eliptical formed mafles are’ 


foun imbedded, “aumnete the argillite is of a greenifh-grey colour, 
| thinly 
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thinly lamellated, of a filky luftre, and faponaceous to the feel : 
it clings round thofe maffes in all their variety of direction, and 
of courfe its texture is there much twifted. When the argillite 
‘ftratification: has extended its thicknefs to near three quarters of 
a mile, the limeftone which I have mentioned above'then occiirs; 
in a bed of twelve feet thick. © Its'colour is bluifh-black;:and ‘it 

is much pervaded by veins of quartz, and of calcareous: {par ; 

the laft of thofe are, in many places, of confiderable breadth, and 

are of a pale flefh colour. Where this limeftone has been: 
wrought, I obferved it forked; thet is to fay, the bed is there 
fplit or divided into two, by the intervention of an argillaceous. 
body. Upon each fide of this bed of limeftone the argillite oc-. 
curs of two colours. That which is next to,and in conta&t with 
the limeftone, is black, of a fhaly texture, foils the hand, and: has: 
veins of ferruginous-coloured quartz trending through it. ‘The 

argillite which 1s more remote. is 
purple colour. 

IMMEDIATELY after this narrow bed of hale; 
affumes its greenifh-blue colour, and flaty texture, and. becomes: 
highly indurated : here fome. fpecks of granulated. quartz begin. _ 
to appear, thinly fcattered in its mafs, and, foon after, it is féen. 
to pafs over into an aggregate rock, chiefly compofed: of grains. 
of quartz, felfpar, and minute particles of mica. \ The particles: 
of quartz and of felfpar feldom occur in. this aggregate larger: 
than the eight of an inch: thefe have very little the appearance: 
of having fuffered attrition : they are much mixed,:and are fre- 
quently feen to take lineal direétions ; and in thofe lines the par- 
ticles of felfpar have frequently a.comprefled appearance, and an: 
eye-like form. This. rock, in mafs, has a greyifh-blue colour:. 
it is of-great induration, and. although lamellous.or: flaty in:its: 
texture, a crofs fracture ‘is often more eafily obtained than one. 
with the lamellz. Its crofs fracture is pretty even, but appears. 
more granular than foliaceous. This rock occurs frequently an - 

| the 
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the diftriét of blue clay Mlatey and may almoft be faid to alternate 


with it. I have been perhaps more minute in the defctiption of © 
this rock than it deferved; but I have been fo, becaufe doubts 
arifen relative to what name ought to begiventothis aggre- 


gate. In all my geological refearches, I have found this rock only 
twice ; once, where I have here defcribed it ; and, again, near to 
Banff, on the Moray Frith. In both of thofe fituations, the ag- 


gregates are of the fame compofition, and peatiat, in dee 


: they both lie among blue clay flate. 


In this long alternation, two fub occur are he- 


‘terogeneous to the rocks among which they lie. The firft of 
thofe, is a bed of compact Felfpar, of great induration. This 
bed is ten feet broad : its ftretch is nearly from weft to eaft: its 
pofition is vertical ; and it ftands between two of the layers of 


the blue clay flate. ‘Its colour is of a reddith- brown, with a. 
{mall admixture of purple ; and its general fracture is conchoi- 


dal, fomewhat rough, but not earthy. 
_ Nort far diftant from this bed, an appearance occurs wor- 


thy of fome notice. Where the aggregate and the blue clay 
flate are alternating, a furface of confiderable extent of the: 


aggregate rock. is. expofed to view, parallel to its. ftratifica- 


tion. This furface is regularly undulated in {mall undula-. 
tions, bearing a very. ftrong refemblance to thofe that may be. 
feen upon the fand of the fea-beach, when recently left by the. 
tide. After pafling the bed of compact felfpar, the blue clay: 
flate and aggregate rock again alternate ; but here the blue clay 
flate predominates. _ Near to this, the fecond fubftance hetero-- 
geneous to thofe alternating rocks occurs. It is a bed of Whin, 


the form of which is fomewhat fingular. It confifts of a prin- 


cipal trunk, which the river, here cuts nearly at right angles. . 
Upon the eaft fide of the river, this principal trunk is feen to. 


{plit into, three branches; and-thofe three take an eaftern direc- 
tion, between the ftrata of the aggregate rock and the blue clay 
flate, where thofe two rocks. are of great. induration. The 


breadth: 


| 
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breadth of this bed of whin is thirteen feet; and where it fplits, 
its three branches are, fix, four, and three feet in diameter. The 
trend or ftretch of this bed is from weft to eaft; but upon the — 
weit fide of the river, it curves fomewhat to the fouth-weft. Its 
compofition is nearly the fame with the three other beds of whin 
which I have before mentioned. It is of a brownifh-black co- — 
lour, and, when placed in certain direétions, it fhows fpecks of 
luftre. It is vertical in its pofition, has a great degree of indu- 
ration, and its general fracture is roughly conchoidal. 


Upon this bed of whin, the river ‘ceafes to be dsepty 
imbedded in the rocks ; but the aggregate rock and the clay. flate 
{till continue to be feen for a fhort diftance, i in a fhelvy acclivi- 
ty, where they are loft to view in a long narrow plain, deeply 
covered with a bed of gravel, compofed of the debris of the in- 
terior mountains. The river here flows over this bed of gra- 
vel for a confdefable {pace ; and upon this narrow flat, we pafs 
through between two of the moft elevated points in the fouth la- 
teral range of this part of the Grampians. Although the obtru- 
fion of this mafs of gravel cuts off from infpedtion the continui- | 
ty of the laft-mentioned rocks, yet the broken and abrupt fides 
of the mountains, clofe upon each hand, clearly points ont, that 
this part of the fouth lateral range is entirely compofed of mica- 
ceous fhiftus. Here, we are deprived of the junétion of the mi- 
caceous fhiftus with the two former rocks ; ; and the lofs of all 

fuch 
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fuch jundtions much regretted i in mineralogical 
refearch,” 

Havinc paffed: over this natrow I cowards 
a fecond range of hills, which here form the bafis of the centrak 
and higheft chain. It is at this place where the river fo fud> 
denly changes its courfe from eaft to fouth, and where I was un- 
der the neceflity of leaving its bed, to continue my northern di- 
rection towards Mount-Battoc. This, however, I was enabled 
to do to great advantage, by following up the deep cut bed of a 
winter — me into the direction which 
to follow. 


Upon entering die bed of chis torrent, I fonsidl that the bafis: 


of the hills here entirely confifted of micaceous fhiftus, muck. 
veined with quartz, and much twifted in its texture. The 
{tretch of this rock is here nearly to 3 andi it has: 
a foutherly dip of 45 degrees. 

In paffing through among thofe. hills the 
range, I found in feveral of the beds of the torrents large blocks: 


_ of reddifh-brown porphyry, with fcattered mafics nf micaceous: 


fhiftus and granite. 
In tracing up one of torrents, faw micaceous 


tus rock andthe porphyry both expofed to view, near to each. 
other ; and, foon after, in the bed of the fame torrent, I came to. 


a cafcade which had laid bare both thofe rocks at a point where 
they are in contact; and near thofe a fecond bed of porphyry 
made its appearance, in the front of a near hill, From my firft 
view of thofe, and from their relative pofitions, I was:led to ima-. 
gine, that they might here alternate in vertical pofition ; but up- 

- On more minute infpection, I found that the porphyry conftituted 

vertical dikes, ftretching nearly from fouth'to north ; which courfe- 
cuts the line of direction of the Grampians here almoft at right. 
angles ; and, on the contrary, I found that the micaceous fhiftus. 
which. flanked thofe dikes of porphyry, had a regular ftretch. 
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from weit to eaft, ‘a a foutherly dip. To endeavour to have 


thefe appearances more fully explained to me, I directed my 
{teps to the brow of that hill, where I had obferved the rock laid | 
bare; and in pafling along the fronts of the hills from eaft to 
weit, I foon came to a dike of porphyry fimilar to thofe which I 


had immediately left. This dike is fixty feet broad, ftretching 


nearly from fouth to north, and flanked upon both fides by mi- 


caceous fhiftus, ftretching and dipping as before defcribed. In 
proceeding farther along the faces of thofe hills, I found feveral 


other dikes of porphyry, of various breadths, and at various di- 


{tances from each other ; but all of them fimilar in their lines of 


direction, and the micaceous fhiftus always interpofing between 


them, through which they feemed to rife. . The porphyries of 
thofe dikes are generally of a ferruginous colour, tending fome- 


times to an orange-red, and of various tints of thofe colours. 


They have great induration, are coarfe-grained, and produce a 


rough fracture. The particles of quartz which are fcattered in 


their principal mafles, are {mall, amorphous, and are of a ferrue 
ginous colour. The particles of felfpar are of a light tint of the 
fame colour, and are moftly cryftallized. The furface of thofe 
dikes are in many places bare, and expofed to the eye for long 
extents, in their lines of direction; and in all thofe lines of di- 
rection which I have traced, I have never found any of them al- 


ter in their breadths, in their verticality, nor in their directions. | 


Their furfaces, in general, confaft of oblong fquare blocks, now 


loofe and unconnected with each other; and, in many places, — 


the lines of fracture of thofe blocks are fo ftraight, that one 
might almoft fuppofe that they had been diquaned by the hand 
of art. 

I HAVE often obferved, in this diftrict, and in other paste of 
the Grampians, that the loofe and outlying blocks of both gra- 
nite and of porphyry, (which have not been worn down by at- 
trition), 
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trition), confift, in. general, of oblong fquare fhapes. - This ob- 


-fervation, when I firft made it, led me to imagine, that thofe 


rocks here were perhaps ftratified- - I have, however, as yet, not 


been able to trace real pimensra of thofe rocks in this diftrict 


of the Grampians. 


-Uron fome of the fummits of chofe hills which here form es 
baie of the central range, I firft difcovered the granite in folid 
rock. In thofe fituations; the granite is only feen in patches, 
where the fuperincumbent rocks have worn off it. Thefe-fu- 
perincumbent rocks, which I here found in contaét with the 
granite, are of two different compofitions, and occur on the fum- 


mits of different hills) The one of thofe rocks, and the moft 


prevalent one, is the micaceous fhiftus ; the other is the granitelle,. 
or a mixture of quartz and fhorl. In fome parts of this laft- 
mentioned rock, I perceived a fmall admixture of hornblende x 
where this,appears in the compofition, it perhaps ought to receive 


the appellation of granitine. In thofe elevated fituations, I 


found both of thofe-rocks, (efpecially the micaceous fhiftus), in. 
a ftate of —— and faft Jeaving the granite oo to. 
the eye.. 

From thofe appearances, it is to be inferred; that the interior 
ef thofe hills is compofed of granite, which i is but thinly coated. 
by the fuperincumbent rocks. 

Upon leaving thefe hills, which, I have srcsidy faid, form 
the bafis of the central.chain of the Grampians, I regretted 
very much, that all my endeavours proved abortive to trace out: 
the whole extent, in line, of any one of thofe dikes of porphyry 
which interfe& their fides. I conftantly loft them under peat or 
other foils, before I could trace them. to their contaét. with the 
granite. It was my anxious with to fee how thofe two rocks of 


porphyry and. conneéted. with each other at their junc-. 
tion. 
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_ In purfuing my refearches towards the fummit of Mount Ba- 
toc, I proceeded up the bed of a torrent, which, after heavy 
rains, dafhes down the immediate fide of that mountain. In this 
bed, the blocks of micaceous fchiftus and of porphyry, (which I 
had feen fo abundantly f{cattered among the hills that I had juft 
left), totally difappeared, and no outlyers of any kind were to be 
feen, excepting fome granites, which were fcattered in large 
maffes ; and in every part, where the torrent had carried off 
the fuperincumbent foil, the granite was to be feen in folid 

In my progrefs towards the fummit of this mountain, I fell 
in with a large face of the native granite rock expofed to the eye. 
By the cracks in this face being in long-extended horizontal 
lines, it had at firft the appearance of being ftratified ; but upon 
a nearer and more minute examination, I found that it was not 
{tratified, and that the cracks which gare it that — were 
only fuperficial. 

_ArounD this face were “fecattered blocks 
which were moftly in oblong {quare. fhapes. 

after paffing this precipice, I gained of che 
mountain, which, though not very highly elevated, is in this 
part of the chain the higheft of the central range. It is about 
3465 feet above the level of the fea; and is entirely compofed of — 
a coarfe-grained granite, in which fhorl fometimes occurs ; and 
its felfpar 3 is very generally cryftallized. 


-Havine here finifhed the extent of my intended inveftiga-. 
tion, I beg to be permitted to add, that the line which I have 
here given the defcription of, has been traced with much atten- 
tion, and the true pofition of each foffil has been moft {crupu- 
loufly attended to, and is correctly placed in the annexed 
plate. 
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I wisu that fome more able pen than mine, would take up 
the further defcription of this extended field of geology, fo 
worthy of inveftigation ; but if none will come forward for that 
purpofe, I may at fome future period prefume to give to this 
Society more extended, and more general lines of defcription of 


_ the Grampians, than that which I have now had the honour of 


fubmitting to their examination. 
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II. 4 GEOMETRICAL INVESTIGATION of fome curious and intereft. 


ing Properties of the Crrcue, tc. By JAMES GLENIE, E/q; 
A.M. F.R.S. Lonp. & Epin. 


[Read April 1. 1805.) 


DEAR Sir, | Edinburgh, 22d March 1805. 


S the following paper refers in a great meafure to the gene- 
ral theorems publifhed by your father, I now commit it to 


your care, and that of my friend Mr Prayrarr, Profeffor of 


tural Philofophy. I with it to be communicated to the Royal So- 
ciety of Edinburgh, and, if approved of, to be inferted in their 
TranfaGtions as foon as poflible. Indeed, I truft, that even 


fimple as it is, it will not be altogether a to that 
learned body. 


I am, 
Dear Sir, 
Moft fincerely your, &c. 


Jas GLENIE, 


Dugald Stewart, E/q; 
Profeffor of Moral Philofophy. 
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‘Tuat truly elegant and inventive geometer the late Dr 
MATTHEW STEWART, publifhed at Edinburgh, in 1746, without 
demonftrations, a number of general theorems, of great ufe i in. 
the higher parts of mathematics, and much calculated for impro- 
ving and extending geometry. Such of them as refer to the 
circle, and to regular figures infcribed in, and circumfcribed 
about it, have not, as far as I can underftand, been yet demon- 
ftrated. . Thefe, with an endlefs variety of other theorems, are- 
derivable, as corollaries, from the following general though 
fimple geometrical inveftigation, that oceurred to me fifteen. 
years ago, and which, I fuppofe, has remained fo long unknown 
and unattended to chiefly on account of its fimplicity. 

Let A,B,C, &c. (Pl. II. Fig. 1.) be any number of points in . the 
circumference of a circle, and let that number be denoted by 2”. 
- Let RA, RS, ST, &c. be tangents to the circle, in the points A, 

B,C, &c.; and let POQ be any diameter. Let Qe, Qd, Qf, 
&c. be perpendiculars from the point Q to the diameters paf- 
fing through the points A, B, C, &c., and Pa, P4, P e, &c, per- 
pendiculars from the point P to the fanhe diameters. 


it is evident, that PQ = AP +AQ = BP + BQ = 


CP CQ, = &c. Wherefore PQ’ n= AP + BP + EP. +, 


&e. + BQ’ + &c. But AP?’=AGXAaz= 
x Aa, BP = =PQx Be, CP = PQx Cb, &c. ; and AQ’ + BQ’+ 
= PQxAc+Bf+Cd+4, &c. Now Aa, Be, 
Cb, &c. are refpediiealy equal to perpendiculars drawn from P- 
to the tangents RA, RS, ST, &c., as.are Ac, Bf, Cd, &c. equal: 
to perpendiculars drawn from Q to the fame tangents. Con: 
fequently the fum of all the perpendiculars drawn from the- 
points P and Q to lines touching the circle in the points, A, B, 
C, &c. is equal to PQ X #, or a multiple of the diameter by 2. 
_ Tue fame may be proved othewife ; for fince O04 = O¢, Aa: 
2=Gc,Aa+Ac=the diameter. In like manner, 
the diameter, and C b Cdé= &c. 


[IN 
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In the fame way, it is demonftrated, that if from any two 
points Pp, 7, inthe diameter PQ, equally diftant from the centre 
oO, perpendiculars be drawn to the lines touching the circle in 
the points A, B, C, &c. their fum is equal toa multiple of - | 
‘diameter by 2. | 

But if from any two points V, W, in PQ scibaces. nee 
diftant from the centre O, lines drawn perpendicular to any dia- 
meter Br, paffing through any point of conta¢t B, fall beyond 
— its extremities B, 7, the difference of the perpendiculars drawn 
from W, V, to the line touching the circle in B, is equal to the 7 
diameter, and fo on. 


So alfo, when perpendiculars froin the points V, W in PQ, eg 


produced to the diameters pafling through the points of contact 
A, B, C, &c. do not fall beyond the extremities of any of thefe 
- diameters, perpendiculars from V and W to right lines touching 
the circle in the points A, B, C, &c. are taken together equal to 
a multiple of the diameter by the number of the fatd points. 

Cor. 1. Perpendiculars drawn from P and Q, or # and 4, to 
lines touching the circle in the points A, B, C, &c. are toge- 
ther equal to a multiple of the radius by 22. 

Cor. 2. The fum of perpendiculars drawn from P, Q or p, % 
to the fides of any regular figure circumfcribed about the circle, 
is equal to twice the fum of perpendiculars drawn to the fides of 
a regular figure of the fame number of fides circum{cribing the 
circle from any point within the fame regular figure. : 


Cor. 3. AP fam of the perpendiculars 


duiniis from P to right lines touching the circle i in the points A, 
B, C, &c. d denoting’ the diameter. 

Or athird proportional to the diameter and the chord AP, to- | 
gether with a third proportional to the diameter and the chord 
BP, together with a third proportional to the diameter and the 

chord 
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chord CP, .&c, is*equal to the fum of the perpendiculars drawn 


: from the point P to right lines touching the circle in the Peony 
‘A, B, C, &e. 


AQ + fam of Perpendicular 


drawn from Q to the ‘ia lines. - 


AGAIN, fince by a well known property of the circle, 
AP* + AQ’ = BP’ + BQ =CP + CO = &e. = 


r denoting radius, the fum of the fquares of lines drawn from: 


the points A, B, C, &c. to any two points £, g, in the Giaiieter: 


equally diftant from the centre, is Op =amul- 
tiple of r*, by twice the number of the points A, B, C, &c. to- 
gether with the fame multiple of the fquare of Of or Og. 


Iw like manner, AV + AW'+-BV’ + BW'+CV 4+CW"+, &c. 


‘2nrt+anxXOV =a multiple of r* by twice the number of 


the points A, B, C, i: together with the fame sAltesy of OW 


or OW OW: 


Anp fince the fquares of the chords AP, BP, CP, &c. are ‘to- 
gether equal to the fum of the fquares.of the perpendiculars 
drawn from P to the right lines touching the circle in the points 


A, B, C, &c. together with the fum of the fquares of the per- 
-pendicular diftances of P from the diameters pafling through. 


thefe points, the fum of the fquares of Af, Bp, Cp, &c:; is in. 
like manner equal to the fum of the fquares of perpendiculars 
from p to thefe lines, together with the fum of the {quares of | 
the perpendicular diftances from f to the faid diameters. 

In like manner, Ag’ t+ Bg’ +Cq +, &c. = fum. of {quares. 
of perpendiculars from q to the lines touching the circle in A, 
B, C, &c. together with the fum of the fquares of the perpendi- 
cular diftances of g from the diameters pafling through A, B; 


C, 
WHEREFORE 


PROPERTIES. Pie 


_Warrerors the {quares.of.the ndicular- diftances of ei- 
ther Q, from diameters. paflin the’ points of “¢on- 


tact A,B,C, &c.y.are, taken together; equal.to the.exéefs of the 


reétangle under half the diameter PQ, and the fam. of “perpendi- 
culars ‘from P!-and right fines touching’ ‘the circle in the 


points A, B, Gj&c. above half the fiitn of the fquares of faid 


ss we being equal to’the of ‘per- 
pendiculars: frorty'O, ini what ‘follows; ‘to right dines touth- 
‘of, which is the diameter, in. the, points 


&e.).. And. the: fur of the. fquares of. thefe pel endicular 


Trams bec P and Q, is —onr—ars. his is alfo. 


froth all angles femicircle being equal to right ones. 


when the whole cir cis, divided 3 into “qual 


parts, -in, the points. A, B, Gy 


Ag+ By &e, yiand. AV + BV 


GV + &c. = AW +BW +&e.= +2x0V. For 
_the fum: of perpendiculars drawn ‘from tothe fidés’ of any 
regular: figure circumfcribing the circle, 3 is then equal, to the fum 

the sperpendiculars drawn from g to the fides of the fam 
figure. The fame obfervation holds with regard ¢ to 
lars drawn from the points V, 


From,the foregoing general: dnveftigation,’ owhen the circle is 
fuppofed to be equally: divided in the. points.A, Dr 
STEWART'S ne eleventh theoremé can sors im- 
mediately derived. - 333 SW 

I SHALL, regularly with the ; 
and, i in the firft place, take the fquares ‘of the perpendiculars 
from P and Q to the right lines touching the circle in the points 
‘Aj B; which perp endiculars' are refpedtively to 


A 
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P, m, to lines touching the circle in the points A, B, C, &c. is 


=r. => 
=anXr+2 Oc" ‘+0f +Od° 4+ But the points 'c, a, 
are in the circumference of a circle, of which the diameter i is 0Q : 


or r, and by Cor. 3- the fam of Oc +o +Od + = 0QXx 
into the fum of perpendiculars drawn from O to lines touch- 
ing the circle, of which OQ is the diameter, in the points ¢, d, f, 
&c. Call the fum of thefe perpendiculars s. Then we have 
the fum of the fquares of perpendiculars drawn from P, Q to 
lines touching the circle APQ in the points A, &c,. = ane 


(Cor. 3: AP +3P + + CO 


B, C, &e. or the angles at = 


a regular figure be infcribed in its 
angles at the points A, B, C; &c. or a regular figure be cir- 
~cumfcribed about the. circle, having its fides- tangents to it 
in the points A, B, C, - we get from the general ether 


AP ‘+ BP + 8c. or AQ Saar 


or shird proportionals to 
dius, the chords drawn from either P or Q to the points A, B, 
C, &c. and the cubes of thefe chords equal, when taken toge- 
ther, to fie times a multiple of the ¢ube of radius by the num- 


| ber 


¢ 
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ber of the fides of the infcribed or cireumfcribed figure; or to 


{peak algebraically, the fum of the fourth powers of the chords 


is equal to fix times a multiple of the fourth power of the femi- 


diameter of the circle, by. the number of the fides 


This is Dr STEWART's 2 3d theorem. 

| In fike manne, 


Sec, 
And the cubes of perpendicolars Wats P and Q to right ‘lines 
touching the circle in the points A, B, C, &c. are taken together 


x FOF +08 + be. = = (by Corollary 3.) 
AP. +e - + &e. +40 


is. divided 3 in the points A, B, C, or when: a 


figure is circumfcribed about the circle, with its fides touching 
the fame in faid points. Wherefore the cubes of perpendicutars 
_ from P-and Q to the fides of a regular figure of a greater num- 
ber of fides than three circumfcribed about the-circle, are taken 
together = This is Dr Srewart's 19th theorem. 
_Anp if a regular figure of a greater. number of fides than 
three be infcribed in the circle, having its angles in the points 
A, B, C, &c. third proportionals to the cube of the diameter and 
the ‘cubes’of chords drawn: from P and Q to the points A, B, C, 
&c. will, taken together, be equal to.5 #73; or third proportion- 
als to the cube ofthe diameter.and chords from either P 


or Que the faid angular points, will together, be = = 


| 
. 
| 
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or, to fpeak algebraically, the fum of the ‘fixth power of chofds 
drawn from either Por Q to the faid points, will'be equal to 
twenty times a multiple of the fixth power of radius, =, the 
number of the fides of the inferibed figure. 


IN like manner, 


r | 


Of + 
2 x Od 


And third proportionals to radius, perpendiculars from P and Q_ 
to right lines touching the circle in the points A, B, C, &c. and 
the cubes of faid. ‘perpendiculars are, taken together, equal to 


anritiarxOc +Of + Od + &e 


50) 
— (by Cor. x | ds x r 


Bur Oc +Of +0Od + = when the circumference 
2 


is divided inthe points A, B, C, or a. 
figure is circum{cribed about the circle, with its fides touching 


the fame in faid points, and 127 x 6 


OF. + Of +04 +, &e. is. then Wherefore 


third proportionals are taken to 8ars+ zis 


times their is equal 35 113. “Or, 


te 


| 
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to fpeak algebraically, eight times. the fum of the fourth powers 


of perpendiculars from either P or Q to the fides of a regular 
figure of a greater number of fides than four circumfcribed 
about the circle, and touching it in the points.A, B, C, &c. are 
equal‘to” thirty-five ‘times’ the. multiple of the fourth power of 


radius by the number of the fides of the figure. This is Dr 
STEWART’s 25th theorem. 


-Anp if a regular figure of a greater nuiibes of fides than four 


be infcribed in the circle, having its angles in the points A, B, = 
_ &c. the eighth powers of the chords drawn from either P or Q.” 


to the points A, B, C, &c. (to fpeak algebraically) i is equal to 
702 ar any) ar feventy a multiple of the 
eighth power of see by. the number ahs the fides of the fi- 


&c. 


‘ 


che ie is divided in the A, B 
ott. 20: 9: AND 
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_ AND generally when mis any integer whatfoever, we have 


r+ Of 0d" 47—0d 


+ &e. equal to + Of +Od + &c. + 


m m—2 +Of +Od + &c. m m—1 m—2 


which, when the circle is equally divided in the points A, B, C, 


&c. by the circumfcription or infcription of a regular figure, 


coincides with the 36th and 38th of Dr STEWART’ $ general 


theorems. 


AND if m have to / whatfoever, 


+04 x Be. &e. fre. 


Tuis laft rae hg or - expreffion, is more general. than any 
of Dr SrEwart’s theorems, and will furnifh an endlefsnum- 
ber of new and curious infinite feries, with their fumma- 
tions. It may alfo be extended to the chords AP, BP; &c. 
and expreffed in terms of them. And as to the truth of the bi- 

nomial 
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nomial and refidual theorems, when m has to / the ratio of any 
two homogeneous magnitudes whatfoever, I muft refer the reader 
to my. general demonftration of both in Baron MaserEs’s Scrip- 
tores Logarithmici, vol. 5. and to fome of the geometrical formu- 

Je in my Univerfal Comparifon, 


In-like manner, if pg, pb, pi, &c. be perpendiculars refpec- 
tively to BO, CO, AO, &c. we have + 
+ r—Og + 4 r—Ob + &e = 


Oi +Og +0b +&c.= 207° 4%. Op, when the circle is equal- 
ly divided in the points A, B, C, &c. or when a regular figure 
is circumf{cribed about it, with its fides touching it in thefe 
points. This is Dr Srzwart’s third theorem, of which he gives: 
demonftration of confiderable length, 


In like manner, 


+7408 +r—Og +7 O+} 
-++ &c. are equal to 2273 4.08 4. &c. 


+ 3 rxOp, when the circle is equally divided in the points, A, 
B, C, &c. or when a regular figure circumfcribing it touches it. 
thefe points. This is Dr SrEwart’s 20th theorem. 


In like manner, 


+ &c. is equal to. 22 127 x Oi + 4.084 &e. 
Oi +Og + 


when the circle is.equally divided in the points:A, B, C, A or” 
when-a regular figure, circum{cribing it, touches it in thefe points.. 
And a multiple of this by four, or eight times the aggregate of 

third: 


| 
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‘ 
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third proportionals to 7, the perpendiculars from either p or ¢ to 
the fides of the regular circumfcribing figure, and the cubes of — 
thefe perpendiculars is equal to + 24nr x +3 n x 


et ; or, {peaking algebraically, eight times the fum of the fourth | 


‘powers of ‘perpendiculars from either p or q are equal to 8” r4, 
together with 24 times a multiple by n of the fourth power of 
the line whofe fquare i is equal to r xO 9, together with thrice a 


multiple by n | of f OF ‘This 3 18 Dr STEWART’s 26th theorem. | 


In like manner, 


7+0 Og +7=08 | 


r* 


+ 


OF 


are = 2nr3 +-20rxOi “Og 


1onr x Op * ‘when the circle is 


divided i the points A, B, « ‘ee or ‘when a regular figure cir- 
cumfcribing it touches it in thefe points. 
AND generally when m is any integer ‘whatloever, 


when the circle 3 is equally divided i in the eine A, B, C, Tak 
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when a regular figure circumfcribing it touches it in faid points, 
gives Dr STEWART’s 37th theorem, fince the fame reafoning and 
mode of demonftration holds good in regard to half the amount 


of this expreffion, whether in or in 
PQ produced. 


AND univerfilly if to / any ratio 


po Lage | 
| te &e. 4 m—al m—3l 
OF &e. + &e. &e. 


‘Tus latt or expreflion is more thes any of 


| Dr STEWART’s theorems, and from it may eafily be derived an 


endlefs number’ of new curious infinite with 


fummations. 

Ir is almoft needlefs for me to that béfides thefe 
rems of Dr MATTHEW STEWART, an unlimited number of other 
theorems, re{pecting figures both regular and. irregular, circum- 


fcribing and infcribed in the circle, may eafily be derived from 


the foregoing inveftigation, as well as a great number of geo- 
metrical infinite feries, with their fummations. And as to theo- 
rems refpecting given points, right lines and figures either re- 
gular or irregular, given by pofition, and right lines interfeting 
each other either in one point or in different points in angles 
either equal or unequal, that are deductble from it, they are in- 


VoL, VI.—P. I. E Sew, 
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Now, let a circle (Fig. 2.) be divided i into an uneven number 
of equal parts, by the points A, B, C, D, E, &c: and let PQ’ be 
any diameter; from P let Pa, P.4, Pc, Pd, Pk, &c. be drawn | 


. perpendicular: to the diameters pafling through the points A, B, 


C, &c, and from Q let Qe, Qf, Qs, Q4, Qi, &c. be perpen- 
dicular to the fame diameters. 


THEN it is evident, that Aa, Ae are refpectively equal to 
perpendiculars drawn from P, Q; to a tangent to the circle in 
the point A; and fince O@ = Of, their fum Aa + Ae = 


r—Oatrt+Oa. In like manner, the fum of the perpendicu- 


lars from P, Q to the tangent at B is = r—Oc + r+ Oc, to the 
tangent at C is = r—O#k r+ Ob, to the tangent at D is 
=r+0b+7r—ObF, and to the tangent at E is = r+Od + 
r—Od. But r—Oa+r—Oc +r—Ok tr+Ob+r+Od= 
r+Oatr+Octrt+Ok+r—Obt+r—Od; 2x0b+0d= 


+ OF + r+Oo- +f + 
r—Oc. + r+ 7+Ok + 7T—Od + 70d. we have this. equation 


4xrxOb+rxOd = 4X rxOatrxOctrxOh, or OF 
Od=Qa+0c+Ok 
Bur if from a point in the secuitttbelice of a circle, perpen- 


diculars be drawn to the alternate fides of a regular figure ofan 
even number of fides circumfcribing t the circle, or, which comes | 


‘to the fame thing, beginning with any one fide, perpendiculars 
‘be drawn to the rft, 3d, §th, 7th, &c. fides, the fum of thefe 
| perpendictilays, the fum of their {quares, the fum of their cubes, 


\th 
Ke. to the fum of their 18 refedtively 


equal to the fum of the perpendiculars drawn from the fame 


| 
| 
| 
| 
| 
| 
| 
| 
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point to the other fides, viz. the. 2d, 4th, 6th, 8th, &c. the fum 
of their {quares, the um of their cubes, &c. to the fum of their - 


mae powers, but oes in powers above —= (” being the num- 
ber of the fides). | 

for inftance, if a regular hexagon circum{cribe a circle, 
and from any point in the circumference perpendiculars be 
drawn to the alternate fides, that is, to the fides of an equilate- 
ral triangle circum{fcribing it, the fum of thefe perpendiculars, 
and the fum of their fquares, are refpectively equal to the fum 
of the perpendiculars drawn to the other three fides, and the 
fum of their fquares. For the fum of the perpendiculars to the 
three fides of an equilateral triangle, is equal to half the fum of 
the perpendiculars to the fides of the hexagon, and the fum of 
their fquares in the one, equal to half the fum of their fquares 
_ in the other. But this does not hold in regard to the fum of 
their cubes, as the fum of the cubes eee to the fides _ 
of the triangle is not invariable. | 

In like manner, if perpendiculars be ‘Auaeii from a point in 
the circumference to any four, fides of a regular circumfcribing 
o€tagon, taking them alternately, that is, to the fides of a cir- 
cumf{cribing fquare, their fum, the fum of their fquares, and the 
fum of their cubes, are refpectively equal to the fum of perpen- 
diculars to the other four fides, the fum of their-{quares and the 
fum of their cubes. But this does not hold in regard of the. 
fam of their fourth powers, which to the fides of a Yquare are. 
not invariable. 

In like manner, the ‘fom of to the 
fides of a regular circumfcribing decagon, that is, to the fides of 
a pentagon, the fum of their fquares, the fum of their cubes, 
and the fum of their fourth powers, are refpectively equal to the 
| E 2 fum, 


| 
| 
| 
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fum, the fum of the fquares, the fum of the cubes “a the fain 
of the fourth powers of perpendiculars to the other five fides. 
But this equality does not hold in the fifth powers, which to the 


fides of a pentagon are not invariable. For —— =4. And 
foon. 

N. B. THE fame holds true if be 
from any point within the figure for odd powers, and esther 
within or without, in even ones. qe 

But as it was obferved in the preceding cape. that ini equa- 
lity between the fum of the powers of perpendiculars, drawn 
from any point in the circumference of a circle, to the alternate 
‘fides of any regular figure of an even number of fides, and the 


fum of the powers of perpendiculars drawn from the fame point 
th. 


to the other fides, exifted only to the “ 


power ; fo the equa- 


lity between the fum of the powers. en perpendicukits drawn 
from the extremities P and Q_ of any diameter to the fides of a 
regular figure of an odd number of fides circumfcribing ‘the 
circle, and the fum of perpendiculars from either of thefe, orany — 
point in the circumference, to the fides of a regular circumferi- 
bing ef double the of exifts to the 


power. 
A WIDE field is here opened for the geometrical folution of 
both determinate and indeterminate problems. — 


—_ inftance, sili two. equal right lines given, to cut one 
into two parts, and the other into three, fo that the fum of the 
fquares « on two into the one is cut, fhall be 

| equal: 


| 
| 
% 
r 
| 
| 
| 
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equal to the fum of the fquares on the three parts, into which 
the other is cut. 


SOLUTION... 


Wir radius equal to one-third part of either of the given 
lines defcribe a circle. If a regular hexagon circum{cribe it, per- 
- pendiculars drawn from the point where any fide of the hexagon 
touches the circle, to the other five fides, are refpectively equal 
to the parts into which the two given equal right lines are requi- 
red to be divided. -Calling the fide, from a point in which the 

_perpendiculars are drawn, the rft, the perpendiculars drawn to 
the 3d and sth are the parts, into which one of the two equal gi- 
_ ven right lines is cut, and thofe drawn to the 2d, 4th, and 6th 
fides, the three parts into which the other given line is cut. 

N. B. If the perpendiculars be drawn from any point in ‘the 
circumference, that is not one of the points of contact, three of 
them taken alternately, are together equal to the other three, and 
equal to either of the given lines, and the fum of their fquares 
equal to the fum of the {quares of the other three. And if they 
be drawn from a point in the circumference equally diftant 
from two points of contact, the 1ft = the 6th, the sre = the sth, 
and 3d = = the 4th. 


AGAIN, let it be required’ to divide each of two equal given 
right lines into four unequal parts, fo that none of the parts of 
the one fhall be equal to any of the parts of the other, but the 
fum of the fquares of the parts of the one fhall be equal to the 
fum of the fquares of the parts of the other, and alfo the fum 
of the cubes of the parts of the one 7 to the fum of the cubes 
of the parts ofthe other. = 


SoLurion. 


‘ 
z 
a 
| 
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SOLUTION. 


Wits a fourth part of either of the equal given right lines 
as radius defcribe a circle. If a regular decagon circumfcribe 
the circle, and from any point in the circumference, that is nei- 
_ ther one of the points, where the fides of the figure touch the 
circle, nor at an equal diftance between the points of contact, 
perpendiculars be drawn to the fides of the o€tagon, thefe taken 
alternately are the parts into which the given right lines are re- 
quired to be divided. | 

IF the point coincide with one of the points of contact, one of 
- the given lines is cut into three parts, and the other into four. | 
~ I the point be equally diftant from two points of contact, the — 
ift perpendicular is = the 8th, the 2d = 7th, the 3d = 6th, and 


the 4th = sth. 2=? =° = 5 the highet power. 


Witu fuch problems one might proceed without end. — 


Since (fig.1.) AP +BP +CP + &c.AQ +BQ +CQ + &c. 
are equal to the fquares of lines drawn to P and Q from the 
angles of a regular infcribed figure of the fame number of fides 
with the irregular circumfcribing figure, or from the points 
where the fides of a regular circumfcribing figure touch the 
circle, it is evident, that the fum of the fquares of perpendicu- 
lars drawn from P and Q to the fides of any circum{cribing fi-. 
gure, regular or irregular, of a given number 2 of fides, together 
with the fquares of the perpendicular diftances of P and Q from. 
the diameters pafling through the points of contact A, B, C, &c.. 


viz, Pa + Pb 4Pe + Qf + = 
2x Pa'+Bb'+Pe + &c. is an invariable quantity. For 


Pa = +76 = Pe + = PO whether the 
angles 


° 
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angles at O formed by the diameters paffing through the points 
of contact A, B, C, &c. be equal or unequal, or whether the cir- 


cumference of the circle, of which the deaxaeei is PO, be equal- — 
ly or unequally divided in the points a, 4, ¢, &c. ; and the fum 


of perpendiculars from P and O, to the fides of a circumfcribing 
figure, touching this circle in the points 4, J, ¢, é&e. is the saad 


Orn ERWISE, 


(ax Pa): In like manner, 47* = Cb + Ca’ (50') + 200 
x bb (2 x and fo on: = 


Ga + Be + BF + &e. + 2x%Pa 4 PF 4 Pe + 
whether the angles AOB, BOC, &c. at O be equal or unequal. 


ff Tike manner, the fum of the cubes of perpendiculars drawn 


from P and Q to the fides of any circumfcribing figure, regular 


or irregular, of a given number 2 of fides, together with thrice 


- the folid, which has the {quares of perpendiculars from P and 
to the diameters pafling through . A, B, C, &e. for its bafe, and r 


for its altitude, is an invariable quantity ; that is, 2"73 + 67 x 


Oa + Oc + &c..+ Pa + Po 4+ Pe + &c. is an inva~ 


x PO = 8ar = ax: 
Fer Oe + Ob 4. Oe. + Pe - 


=ar*. Confequently, when AB, BC, &c.. are unequal among 


themfelves, the fum of the fquares, cubes, &c. of perpendiculars _ 
drawn from. P and Q to lines touching the circle in the points. 


A, B, C, &c. is not invariable.. 
AP + CP + &c. + + &e. be- 


4ur*, whether AB, AC, &c..be equal or unequal, is in-- 
variable. . 


| 
| 
| 

| 

| | 
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variable. But their 4th, 6th, 8th, &e. are not invariable; — 
AB, BC, &c. are unequal among themfelves. pe : 
It is maniféft, that when AB, BC, &c. are equal among en 
felves, whatever be the number of the pojnts A, B, C, &c. or | 
whatever be the part of the circumference they take in-or extend — 
to, the fum of the fquares, cubes, &c. of perpendiculars. drawn 
from P and Q to lines touching the circk: in thefe points, is the 
fame with the fum of the fquares, cubes, &c. of perpendiculars 
drawn from P and Q to the fides of a regular circumfcribing | 
figure having the fame number of fides as there are points, A; B, 
C, &c. Thus, if the number of the points be five, and thefe be 
comprehended in a femicircle, a quadrant, or any feétor, the fum 
of the fquares, cubes, and fourth powers of perpendiculars 
drawn from P and Q to lines touching the circle in thefe points, 
is the fame with the fum of the fquares, cubes, and fourth 
powers of perpendiculars drawn from P and Q to the fides of a 
regular pentagon circumfcribing the circle. And fo on. 
PERPENDICULARS drawn from P, (fig. 2.), one extremity of 


_ the diameter PQ; to the fides of the figure of an uneven or 


odd number of fides circumfcribing the circle, and touching i it 
in the points A, B, C, D, E, &c. are refpectively equal to per- 
pendiculars drawn from-Q, the other extremity of the diameter, 
to the fides of a circumfcribing figure of double the number of 
fides, which touch the circle in the points H, I, K, L, G, &c. or 
Hg = Bc,Ge=Aa,Lb=Ed, Kf = Dd, li=Ck, &e.; 
and perpendiculars drawn from Q to the fides of the figure of 
an odd number of fides, are refpectively equal to perpendiculars 
drawn from P to the fides of a figure of double the number of 
fides, which touch the circle in the points H, I, K, L, G, &c. or 
Df=Ks, Be = He, Ate B4 
Wherefore, the fum of the m powers of perpendiculars, drawn | 
from P and Q to the fides of any circumfcribing figure of an 
odd number of fides, is a to half the fum of the m powers 


of 


| 
| | 
| 
| | 
| 
| 
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| 
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of perpendiculars drawn from P and Q to the fides of a circum- 
{cribing figure of double the number of fides. , 


Tuus, if the figure be a pentagon, we get 
r+Oa = + 6rxOa 
= ar’ + 6r x Oe 

4+7—OF = art + 6rx OF 


r+Od'+r—Od = — 6rx Od 


+06 +O% +Ob +Od =2 


WHEN the diameter PQ bifeéts the arcs BK, DH, or is per- 
pendicular to one of the diameters pafling through a point of 
contact, O#, Oz vanifh, and it is then demonftrated exaétly in 
the fame way as in figures of an even number of fides, that the 
{um of the cubes of perpendiculars drawn from either P or Q is 


= x 3, and confequently that the fum of the cubes of thofe 


Suis from P, is equal to the fei of thofe drawn from Q. But 
let the figure be a pentagon, and let the diameter AG be perpen- 
dicular to-any fide in the point of conta’ A. Draw Cm, Bn 
perpendicular to AG. Then Gm is equal to each of the per- 
pendiculars drawn from G to the fides touching the circle in the 
points C and D; and Am to each of the perpendiculars drawn 
from A to the Sainte fides; G2 is equal to each of the perpendi- — 
culars drawn from G to the fides touching the circle in the 
points B, E, and A, to each of the perpendiculars drawn from 
A to the fame fides. Wherefore 2Gm+2G2+GA(2r)= 
2An+2Am, 

Vou, VI.—P. I. 


| 

| 
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+r+0O m, and r=20m—2 Oz. Therefore Om = 


= and r+Om — gr+20n 


2 2 


Am; 


Confequently we have = 


thefe added together give 357° +307 xOn+6orxOn 


4 4 


xOn+ 127 x On —8 
| 4 
and axr+On ar On + 2x and 


e | 3 
like manner, 2X r— 


3 
thefe added give ors xOn+ 


4 
which, if GA’ = 87%, the cube of the perpendicular to the 
fide touching the circle in the pee A, be ¢ added, we get 


| 
4 
But ie pie of the cubes of perpendiculars, drawn from 


A and G to the fides of the pentagon is 2573, as has been 


demonftrated, when PQ_ coincides with AG. Wherefore 


767° +487 x On+ 961 x OF 
4 | 


x On and 4rxOn Now, if for 


37 2 ‘ ——— 72 
this value of 73, there be fubftituted r3 in 4121187 xO7+367xOz , 


4 
we 


3 _ 299734. +8xOn3, 


— | 
| 
| 
| 
| 
| 
| 


PROPERTIES of the CFRCLE. 43 


we get = 25"; and if r'be fubflituted for its equal in 
xOn+ , we get 357 _ 
4 4 2 
Wherefore the fum of the cubes of ssclieinlad drawn from 
the point G to the-fides of the pentagon, is equal to the fum of _ 
the cubes of perpendiculars drawn from the point A to the 
fame. 


SINCE x 20 m—20n 


+37xX2xOm +2X On = “, and 


a2xOm + On ==, we have 37°X 2X Om—2xX On + 


2xOm —On =4r But 20m—20n2=r; therefore 


—On = or Om’ —On’ = 


Ir P, inftead of bifeGting the are BK, be any point between 
B and K, the fum of the cubes of perpendiculars drawn from it 
to the fides of the circumfcribing pentagon, is equal to the fum 


of the cubes of perpendiculars drawn from Q to the fame. F or 


fince Oc + O24 +O = Ob + Od and Oc — 04, Od— Oa 


and begin together, and become maxima together, 


has to Oka given ratio. Let that be the ratio of m to 1. Then 
Oc—Ob = mxO8, and Od—Oa = Oc—Od 


x Ok. Oc=Ob4+mxOk, x08. 


Oc +3mxOb x OF+ 3m*xObx OF +m? x 


OF. Oa'= — 3 x OF + 3 1x Od x 


® 
| 
| 
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Gl Wherefore Oc + 02° + Od +3m x | 
Ob x x Od x OF + 3m x Ob x 
_m-#i x Od x OF + OF. Now, let this be = OF + Od + 
V3. Then Ob —3xm+1 x Od + x Ob x OF + 
3x x Od x OL +0E = +p and mx Ob =m+1 


x od + when Of =o. “But mx = Od; 


therefore V=o. For when Of = o, O4 is the fine of 72°, and. 
Od the fine of 36°. When O £ is a maximum, it is the fine of 
18°, Oc is =r, OO ia the cofine of 30, and vier the 


verfed fine of 36°. Wherefore, m-+1:m= Or = ver- 


fed fine of 36° + fine of 18°: verfed fine of 36°. 


Ler BD (Pl. Il. fig. 3) = BH = fide of an infcribed pentagon ; :. 
bifect BD in F, and draw OFC, AC, BC and DH. Then, fince the 
angle FOB is 36°, CF is the verfed fine of 36°, OG is the fine of 
18°. But acy the triangles CFB, DGO, are fimilar OG : CF = DG: 


FB = DH: DB, and OG + CF:CF= DH-+DB: DB.= 
DB =DG :FB = fquare of the fine of {quare of the 


fine of 36°. For when DH is cut in extreme and mean ratio, 
the greater part is equal to the fide of the pentagon. ; 

DH is cut in extreme and mean ratio in the point L, and LH 
= BD; the triangle CDP is fimilar to the triangle DOB ; bnca 
the triangle MDN to the triangle BOC. = 

Tuis demonftration, however, was unneceflary. - For if. the 
fum of the cubes of perpendiculars drawn from P to the fides of 
the pentagon, be equal to the fum of the cubes of perpendiculars. 


drawn 


| 
| 
| 
| 
| 
| 
| 
| 
| 
/ 
i 
| 


of, 2 prs aneven. number, Alfo A+B “40° + 
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drawn free Qto the fame, both when O é is = 0, and when it 
is a maximum, this equality muft.exift whatever be thie magni- 
tude of O& between thefe limits. 

in a fimilar manner-is*it demonftrated, that the fum of: 
the cubes of perpendiculars drawn from P to the fides of any 


other regular figure of. an edd number of fides circumfcribing 


the circle, is equal to the fum of the cubes of perpendiculars 
drawn from-Q:to. the fame. For if. O-m, &e, or fuch parts of.. 
perpendiculars drawn from A to the fides of any regular cir- 
cumfcribing figure of an:odd number, 2, of ‘fides as lie between 


O and G, be denoted by A, B, C, &c.; and On, &c. or fuch 


parts of perpendiculars drawn from G to the fame as lie between’ 


© ind te By a,b; ¢, Sc. A + 


r 
terms, —~4 — b — &c, to if be a multiple 


~ terms, | 


ifn n—1 mule of 2 by an odd number, A | 


terms = and As + Bs + Cs + &e, 


| 

| 

— | 

| terms | 
| 
— | 

| 
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terms, — 4 — — &e. to Thus, in the 


r3 
as = [n the enneagon A+ B—e—b= 


+3 = and A? + BY —as — = “, and Go Bul 
: the eneagon, A is the cofine of 20°, or the fine of 70°, B is the 
fine of 30° = «, @ is the fine of 10°, and & the fine of sat 


Wherefore the fine of 70° = fine of 10° + the fine of 50°; the 
{quare of the fine of 70° + {quare of the fine of 10° + Hyuate 


of the fine of co = = 3", ; and the cube of the fine of 70° — : 


cube of the fine of 10° — cube of the fine of yee = ae Vize 


thrice the cube of half the radius. And fo on. 
r—Oc' = KOc+6rxOc —4rxOe 
=r —47 X00 +07, 
= rt —4r xOk+67°x OF —4rx OF +08, 
r+ Od Ob +4rxOb +05", 


Od +4r x Od +07’, 


Bur 


| 
| 
| 
| 
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Bur noe 5 r (= = fum of the erm 2 drawn from P or | 


4. 


the of the pentagon) = AP. + BP + 4+DP 4+EP | 


= = AQ+ a+ cQ+ Be, and fince the fum of the 


{quares of perpendiculare P to the fides of che pen- 
tagon, has been demonftrated equal to the fum of the fquares of 


| perpendicnlars from Q to the fame, - AP’ 


, 2 


cumference of the circle, which has PO for its diameter, is di- 


vided into five equal parts, in the ane a, b, ¢, d, k, Oc ib Oa | 
+o OF +04 =r x = ;and Oe +Oa +08 


+ = x45 Wherefore, 


x r4 = half the fum of the fourth powers of ets 
drawn from both P and Q to the fides of the pentagon. 

_ In the fame way ts it demonftrated, that the fum of the fourth 
powers of perpendiculars drawn from P to the fides of any regu- 
lar circum{fcribing figure of an odd number, 2, of fides, is equal 
to the fum of the fourth powers of perpendiculars drawn from 


Q 


‘ 
x 
‘ 
> 
‘> 
et 
. 


Qo the fame, = = 352 x X r4, When P coin 


cides with B, Oc is =7, and Ata CH to 2 


terms, + at + + ot &e, to 


4 terina, (when isa 


multiple of 2 by 2 an even is = n— =3 x, xr; and Ay 


C++ ‘ke to : terms, + a+ + bt 4 &ce. to terms, 


(when 18 a a multiple of 2 by an odd is = 


3n— 8 
16 
In like manner is it pose that the fum of the fifth 

_ powers of perpendiculars drawn from P to the fides of any regu- 

lar circumfcribing figure of a greater | number 2 of fides than sg, 

is equal to the fum of the fifth powers of perpendiculars drawn 


from Q to the fame; and that AS+ BS + C54 to 


rt 


terms, — @5.— —cs — &c. to- terms, (when isa 


of 2 by an even number) is = =; and AS -+ Bs + Cs 


4 terms, (when 


+ to terms —ai— bs — &e. to 


n—z is a multiple of 2 by an odd number) is = a 


>. 
- 
| 4. 
i 
7 
4 
n 
} 
7 
| 
4 
i 
3 
t 


wie 


> 


ave 


2 by an even mber, the of the terms A, B,C, “&c.. is the 

$8 180° 

att, 

the cofineof 5, the. fecond, is ithe cofine of 


an odd nui aber, the laft of the terms Be. is the cofine 


the of dhe terms &c,.is the cofine 


4 


lef chen we: have, AT + 4.0" Be, to 


of 2 2 by-an even number ; and A” + &c., 


to att term — ferms, = ==, when 


4 
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of fini * 


a multiple of 2 by. an.odd. in the 
neagon, or figure of nine fides, A is the cofine of 20° or the fine 
of 70°, B is the cofine of 60° or the fine of 30°, a is the cofine 
of Yoo® or the fire’ of 16°, and B is the cofine 140° or'the 


fine of 50, and A” — OWad’ 


| any ‘even lefe than + Bc. 


n ai 


o 


a 


. ‘terms, (scoring asm—1 isa of 2 by an even. 


rh 
4 2 


2 


2 I 


and’ nt is a amuleiple of 2 by an odd- number A? r+ A” 


v 
| | 
| | 
| 
| 
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pe y? hich hen 
| w r= 
“n= 


‘3 Hence the ummation 


_ an endless variety of feries, of which the terms are powers‘of:the 
fines and cofines of angles ; and though they do not confift of an 
infinite number of terms, ov may confift of any number of | 


terms whatever, finct 


2 
weet 


= may | be equal to any given number 


% 


4 ee tCO= 2 


N 


is equal to an even or p isa multiple of an even 


number. when is an number, it is equal to x 


I 
x which mult then be ufed. 


2 4 6 eee to 2 
2 
| 
x 
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of thefe however, vary with the variations 


in the magnirnde of For when 3, 4 be, 


a4 
8 s 


o* 


isa multiple of 2 by an even number, and the 


fum of the. is conftant or when 16 given, let 


iy 


| dus number o of the terms be great or “This 


"when n is infinitely great, or has to 4 a ratio greater than: 
any given or affignable ratio, may be confidered as infinite. 


4 


+C—<+ be. terms 


| 


terms. = = 1, when 


A" —A—a*—a-+ + &c. to — terms, 


=o, tied! rok 


~ 


It 


| 
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ti may not be unacceptable to geometers. to fre the foregoing. 
‘eonchuiiad 3 in regard to regular figures circumfcribed about and 
infcribed in a circle, derived by making ufe of one point only, 
inftead of two, either in or not in the ee whieh is* 
eafily effected in the following manner, = = 

+ Let the fi des of any regular’ figure of an even of fides. 
touch the Circle BRETCQLS (Pi. II. fig’ 4.) inthe points B,R, 
E, T; C, QL, S, and_let DN, DH, DM, DV, be perpendiculars- 
from the point D.to the diameters joining the points of conta@ ; 
and from the points of contact let chords be drawn to. any point: 
A in the circumference. 

-Ir GE, or the radius of the circle, be denoted by 7, and A 4,, 
Ab, Ac, Ad, be perpendiculars to the diameters j joining the 
points of contact;. aC, aB, T 4,54, Le, Ec, Q4, dR, are re- 

fpedtively to the from the point A to the 


fides of the Sgore, and are alfo refpedtively equal to AS. 


av. 


AT AE AQ aR 


But. if N. denote the num- 


ber of fides of the ry the fam of is perpendiculars is es 


NxXre “Wherefore. AG + AB + AT + &. = 
is Prop: 4. Dr StEwart’s Theor, 

“AGAIN, the. fam of’ the {quares of the two- 
from A, parallel to BC, or Ba +2C = "+2xGa; and the 
—- of the'two perpendiculars from. A. parallel to LE, or Ee 
Ra + dQ = +2xGa. Wherefore the fam of the 


fjuares of the perpendiculars drawn .from-the point A to the 
‘fides 


| 
| 
| 
| 


* 


— ‘N x But the fam of the of thefe Perpen- 


But fince the-angles Gaa, GLA GcA,G dA: are -right-ones, 
a circle pafles through the’ points A, a, 4, G,c, 4, having GA 
for its diameter. And becaufe.the angles CGT; QGC, 
are equal, this circle. is. equally. divided by. the points a; Fy 453 


points to the ‘point Aya are together = N x is, 


+ Ka Ka * Ab = 


N ‘Wherefore the fam of the of 


lars drawn from A to. > the fides of the figure, is = = =N x r + ant 


‘Therefore A AG +. AB" + EN N 
4 


Ir a circle be divided into any even number of Parts, and 
from the points of divifion chords be drawn to any point in the 
circumference, the fum of the’ fourth powers of ;thefe chords is 
equal to the fum of their bina SRE by phrice the fquare 
of radius. 


nied 


N 
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| 


=DM + DH DG" = 


i D to the fides of the figures, are refpectively r + DM, r— DM, ~ 
n-—DV,r+DH, r—DH, r+ DN, r— DN. 


the fama of-their is equal to. Nxr 
DV + Da + DN =Nxr Nx. 


the circle, which. pafles through, the points D, M, y, G, H, N, 3 is. 
equally. divided. by the points M, V, N. is Prop. 
of Dr STEWART'S Theorems | 


ae 


- + r = ar + 6rxDM 


‘ 


| 

| 

| 

| | 

DH + r—DH = 2r <x DE 
| 
| | | 
| | 


of the perpendicular 18 equal to or Br re 
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Wueneront, the fum of the cubes of the perpendiculars, 
drawn from the point D to the fides of the figure, ds N xrs lig 


This 18 Prop. Stewart’ 8 ‘When DG = rythe 


of the cubes of. erpendiculars N x Sy x n= x 


rs, This is Prop. 22. Dr Srewart’ 


Wars DG= or D with A, the form of the cubes 


AC. AB. AT. 
+= sr tat Be. 


and, we get AC. AB + aT &e. = 


xXNX NX NX EN x 20 xr 


Ir, therefore, the circumference of a circle be divided i into an 


‘even number of equal parts, and from the points of divifion 


chords be drawn to any point in the circumference, the fum of 


“the fixth powers of thefe chords is ‘equal to the fam their 
multiplied by ten times the fourth power ‘of 


+ = art x DM + 2x DM 
4 = art 1ar'x DV +2x DV" 
r+DH° = x DA +2 x DAY, 
+7—DN' = art 127° x DN +2x DN. 


> 
‘ 
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-Wartrnrone, the fam of the fourth powers of the perpendicu- 


of Dr STEWART’s ‘Theorems. , 
=F, the fam of theft fourth powers ‘is x 


= 


ants =Nx which is Prop. 28. 


1.2.3. 


v4 


AND by proceed ding in’ this way, of continuation 


ing evident), we get Propofitions 39, 40, 41, &c. of Dr 


Theorems, fince the’ powers of DM, DV, DH; DN, &c showever:” 
high, may-always ‘be expreffed by thofe of ‘DG andr. ‘The: 


fame reafoning all even powers, when the point’ D. 
is without the’ figure, by taking’ the powers of DH, +r, &c.: 

‘atiy regula of an wad of fides, (Pl. 
Fig. §.), circumfcribe the circle, and’ touch if in the points B, E, 
G, L; and from ‘any point D, let perpendiculars DP,» DR, 


DS, DO; DT} be drawn to’ the fides of the figure; and DF, 


DM; (DN, DH, DV, to ‘he’ 
ae the points of contact: 


| 
| 
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THEN, if radius be denoted by r, it.is evident, that DP is — 
r—GN, DR = r—GF, DS =r+GH, DO =r + GM, and 
DT =r+ GV; and calling N the number of the fides of the: 
figure, the fum of the fquares of thefe lines is NX r?4+ 27 xX 


GH + GM +GV—GN—GE + GH +GM M + GV Ei GN’ 


+GF. But fince the angles HGN, ‘NGM, MGF, FGY, are: 


equal, and the angles at H, N, M, F, V, right ones; a circle, ha- 
ving its diameter = GD, paffes through the points G, H, N,D, 
M, F, V, and its 1s divided into equal. parts at the: 


+ GV = 2x Nx DP + DR + 


Prop. "Therefore GM + GV — GN — GF 


~ o, or GN + GF =GH +GM+GV. Whence this propo- 
fition: If, from any point, perpendiculars. be drawn to.the fides. 
‘of any regular figure of an odd number of fides, circumfcribing: 
a circle, the fum of the: parts by which, thofe.perpendiculars, 
which are on than radius, exceed it,:is equal to: the, fum of: 
~ thofe parts by which the perpendiculars, which are lefs than rar 
dius, fall of: it. And this -propofition is alfo true with re-. 
gard to any regular figure, of which the number of its fides is-a, 
multiple of any odd number, by 2, fince,the: -perpendiculars DF,, 
DM, DN, DH, DV, &c. are the fame both. i in number and mag~: 
nitude, in any regular figure of an odd number of fides, and a: 
regular figure of double the number. of fidess, Confequently, i in, 
a hexagon, one of the three perpendiculars drawn from any; point: 
D to the diameters joining the e oppolits paints of contact, is 


equal 


4% 
| 
i 
} 
i 
; 
i 
1 
j 
; 


7 
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prone de fum of the other two, and. fo on; and if, in the 
hexagon, the point D be taken in one of the tate diameters, the 
perpendiculars drawn from it to the other two are equal. 


x G “Gi + 4.7: 


on 


‘meter drawn from any:point of contact L, the odd chord GV 
wanifhes, (V coinciding with G), and GN = GM, GH = GF; 
and the expreffion for the fum of the cubes of the perpendicu- 

lars, drawn from D to the fides of the circum{fcribing figure, is 
Ig the figure circumfcribing the circle be a pentagon, a lee. 
drawn from G, bifecting the angle QGd nearet to G, is perpendi- 
cular to LG; alfo, if D be in the line G d, the point M coincides 
with D, GN = GF, GH = GV, and GM coincides with GD, and 
twice the cube on GF or GN is equal to the three cubes on GD, 
GH, GV, or to the cube on GD with twice the cube on GH or 
GV; and the difference of the cubes on GF, GV, or on GN, GH, 


i 
| 
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is then equal to” half the cube on GD, or 2GF 
GD. 


Hence an eafly folution of this problem. 
_ HAVING two equal right lines given, it is required to cut one 
of them into two parts, and the other into three parts; fo that 
_ the cubes on the two parts, into which the one of thefe lines i is 
cut, fhall, together, be equal to ‘the cubes on the — veut 
to which the other is cut, taken together. . 
Hence, alfo, an eafy conftruétion for this ‘On: a 
ven right line, to conftitute a triangle, fuch that twice the dif- 
ference. of the cubes on the other two fides, thall be equal to the a 
cube on the given line. | 
. Let AC be the given line, (Pl. III. Fig. “ic With, A 
as radius, defcribe-an arc AB. Take the angle ACB = 36°. 
Draw AG perpendicular to CB, and . . AB. From A and GC 


as centres , defcribe arcs with the , and CG, interfeAing 


in the point “Then CFA is the ‘required; and 
a:CF —2-AF =GA« 


DEMONSTRATION. 


SINCE the angle ACB i is 36°, AB is the fide of a decagon i in- 
fcribed in the circle, which has AC for its radius ; and CG is the 
perpendicular to the fide of an infcribed pentagon. But it is 


well ‘known, that CG af + and AC AB + 


AB. Confequently = x AB+3AC x AB; 
add AC’ to both, and we have 4AC =- AC 4. 3 AG < AB > 
3 AC 


~ 
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the athe of radius is equal to twice the difference between the 


* ‘cubes on the perpendicular to the fide of the infcribed ee 


and half the fide of the infcribed decagon. 


“Let any regular figure of an ‘odd 


fides, be circumfcribed about a circle, and let (2) be any odd © 
- gumber, lefs than the number of the fides of the figure; and 


from any point within the figure let perpendiculars be drawn 
to the fides of the circumfcribing figure ; then the fum of the (7) 


powers of the parts by which thofe perpendiculars, which are : 
- greater than radius, exceed it, is equal to the fum of the (z) pow- 
ers of thofe parts by which the- perpendicalats, which are lefs 


than radius, fall fhort of it. _ 
HEncE thefe problems. 


two equal given to cut one into 


two parts, and the other into three, fo that the cubes on the two 


parts, into which one of them is cut, fhall, together, be equal to 


the cubes on the three >. into the is cut, taken 
~ AND having two equal right inked given, to cut one of them 
into feven parts, and the other into eight, fo that the cubes, the 
sth powers, the 7th, oth, 11th and 13th powers, of the feven 
parts, into which the one is cut, fhall, together, be refpedtively 
equal to the cubes, the 5th, the 7th, the oth, the 11th, and the 
13th powers, of the eight parts, into which the other is cut. _ 
TuHE firft of thefe two problems is effected by a pentagon, 


bed. 
IF 


inferibed in a.circle; and the {econd, by a quindecagon inferi 


| 

i 
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Ir V be as pone on the other fide of the centre G, towards L, 
as it is towards C, the lines GN, GM, exchange their values or 
magnitudes, as alfo do the lines GH, GF; and the perpendicu- 
‘ars to the fides of the circumferibing figure then become 
r—GM, r — GH, +GN, r+ GF, ; and the fam of 


cheir cubes. + NX GD or — — 


GH — which | 


found, the divided by 2, N 3 


the fam of their cubes, when Di as in athe line drawn from 


the centre G to LG. wd 


LET a circle, (Pl. IIL. Fig. 7.), be deferibed on 1 BC, with the 
centre G, and let BF be a fquare on the-diameter BC ; draw EGD 
from E, i the centre G, to meet the aber in D, and } Join 
DF. 
TuEN, fince BG x £ OS, or CG x cs = —GS, GCi is cut in ex- 
treme and mean proportion in the point S, and GS is the fide of 


a regular decagon, infcribed in the circle. And fince the per- sty 


pendicular ; from G to the fide of a egvlas infcribed pentagon, is 


= BS 18 twice that perpendicular. But 
rm : = Confquenty , or 


Gs? = 3r>=3r x GS+ 3r GS» and 


r 3 
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GS4% x GS. But BS is cut in G, in the fame 
-, manner as GC is cut in S. Wherefore, if another circle be de- 
-* feribed, with BS as radius, and a‘line be drawn from one: of the 
angles of a fquare, defcribed on the diameter, through the centre, 
| to meet the circumference i in a point, and if this point, and the: 


other, opposite angle. of the fanare be joined, 27 + - — 
will i in like manner be = =4Xx7FGS', or4X BS 
GS + 6 Gs 463° =4r'+r2r. GS + 1ar.GS Gs. 
‘Therefore 21. GS+68 =r ‘+r. G8, and 


Gs GS =r and GS OF Gs... 


IF; ‘therefore, from: point in the: of 
| dhe ‘ciréle BDC, ‘perpendiculars: ‘be drawn: to the fides of 
‘any regular: ayes. about it, the their: 


cubes being = x (calling. N. the umber of 


4 


Baer ofthe igure); is = 
and twice the fam; of the cubes of thefe perpendiculars is N X 
GS' +N x 107. GS ; that is, equal to five.times a multiple by 
- the number.of the fides-of the figure of. the cube on the fide of 
‘an infcribed. regular. decagon, and ten times a multiple, by the _ 
fame, number of the folid, which has the {quare of the fide of 
the,i infcribed decagon. for its bafe, ‘and radius for its altitude ; 
and if the perpendiculars be drawn from any point P, within the: 


cipcumfcribed figure, that. is, not in ‘the. circumference of fis 


4 } 

; | 

} 

> 

} 

| 

i 

| 

‘ 
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twice the, of their. be, to.2N.X 


multiple by tha number of the fides of the ‘on 
the fide of the infcribed decagon, together with four times a mul- | 
tiple, by the fame number of the folid which has’ the fquare of 
the fide of the decagon forits bafe, and r for its altitude, toge- 
ther with thrice a multiple by the fame number of the folid, 
which has the {quare of GP for its: bafe, and r for its. alti- 
tude... 

In like manner, may the fixth a ae of hile’ drawn from the 
angles of any regular infcribed figure of a greater number of 
fides than three, to any point either in, or not in the circumfer- 
ence, be exprefled in terms of the fide of an infcribed decagon, 

- fince their fum is a multiple of the fum of the cubes of the per- 
pendiculars, to the fides of the circumfcribing figure, by. 8r3,. 

AGAIN, fince r+ GS:7r::7r:GS:: GS:r—GS, we have 


ar-+Gs: r::r:GS::GS:r—Gs, | | 

GS + 337. Gs +76S = + 48 

GS +4Gs, or 31%. Gs” + 


 Wuererorg, fince four times ‘the ‘of thecal of me 
perpendiculars drawn from any point in’ the circumference of. 


the circle to the fides of any regular circumfcribing figure, is 
Nx 5 X2r; four times. the fum of thefe is SNxX 


57.GS+ 157. GS +568 = 5Nxr.GS+ 3r. + GS’; 
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‘that is, equal. to Give times a multiple, by the number of the fides 
: on the fide of the infcribed decagon, 


of thé figure of the: cub 
together with fifteen times a multiple, by the fame number, of the 
folid, which has the fquare on the fide-of the inferibed. decagon 

as its bafe, and r for its altitude, together with five times a 


by the fame number of the folid, which h has for its 


bafe, and the fide of the decagon for its altitude. 
| the .circumference of a-circle-be divided into any numby 


than: n, fam’ of ‘the 2 of. the 
which have nine to 2 r the diametet, the ratios which 


Lar che be denoted by A, D, &c. to terms; 


and let 8 r?: 873: Bs = ar: b, 89: CG} = ar: 


4m 4m 


4 
— 
+. 


6m 


a f. 


bi 
bm + = =, A 


| 
| 
| 
| 
| 
| 


| fides, and a’ + 


of the polygon correfponding to the c 
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am 

2 dg tetas ba ‘shed (2x 


rpendiculars, drawn. 2 from. a any point In. the. circumference, to 
fides of a a re egular. circumfcribing polygon « number of 
b + &e. 1s to the of. the {quares. of thefe 
perpendiculars ; as 5 to 6;. and if the pomenticnr to the fides 
ords A, B, C, D, &c. and 
drawn from’ the famie point in’ the circumference. that: thefe 


- chords are drawn from, be deroted by P, QR, S, &c. a+ + 


of the 3 m powers of thefe perpendicular, =n nx 


I.2. 3° ee 


‘THEOREM From any point C, (PI. III. Fig. g. ), let 


GA be dravins let GAR be atangetit to the eircleat A; and'let AD 


be perpendicular to the — BC, and CF, BG to GF. The 


vight line whith tlie Fatio of or 


triplicate ratio hd the chord of the arc AC, to the diameter, ig 


—"* aoe = a fourth proportional to the diameter, 


the chord and the perpendicular drawn from one extremity of 
the 
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the chord to the tangent to. the cirele at the other extremity, or 
ofthe arc AC, 


Fon, the angle CAF = = the angle ABC. = : the angle CAD. 


Therefore CD = CF, ad AD = AF. =. 


“AC cD 


Cok, BD _perpendiéular BG ; G = the chord AE of 
double the arc AC = twice the fine o i arc AG. : 


Con. 2 BG has to BC, ratio of AB? 


- 
(8) 


BG the lines, which go BC the ration 


AG): AB cach. ne AG CD to 


‘ 
as 
| 
| 
i 
| | 
¢ a 
AB x BO 
j 
e 
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SEE Fig. 1. and Theorem ®. Since the part of the titiaent. 
at the point A, that would be intercepted between perpendicu- 
lars drawn to it from P and Q; is equal to 2 Pa, or 2Qc, the 
part of the tangent at the point B, that would be intercepted be- 
tween perpendiculars drawn to it from P and Q. is = 2 Pe, or 
2Q. fs and the part of the tangent at C, that would be inter- 
cepted between perpendiculars drawn to it from P and Q, is 


= 2P4, or 2Qd, we have (when AB, BC, &c. are equal, or 


when the diameters paffing through A, B, C, &c. make equal 
angles with one another at the centre O) the fum of the fquares 
of thefe parts of the eae (calling 2 the number = the 


points of ; the fam of their fourth pow: 
ers = "xX rt; baw the fam 2m powers of thefe 


% 907°". {r being the radius OP or 0Q) = > the fum of the 2m 


powers of the chords drawn from either Por Q, at right angles 
to the diameters pafling through A, B, C, &c. = the fum of the 


_ 2m powers of chords, drawn to any point in the circumference 


from the angles. of a regular infcribed figure of 2 number of 
fides, or from the points where 4 regular infcribed figure of # 


. number of fides, touches the circle, =the fum of the 2 m powers — 


of perpendiculars, drawn from P or Q to # number of right 
lines pafling through Q or P;.and interfecting each other at equal 
angles. And the fum of the 2™ powers of the halves of thefeparts _ 
of the tangents, or of the parts intercepted between the points of 
conta¢t and’ perpendiculars:drawn from either P or Q to the fides 
of the equal fided 7“ circumfcribing the circle, or fegment, is. 


2M— 
xr the fum of the 2m powers of 


the 


| 
| 
j 
‘ 
| 
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the fines of the angles formed at the centre O, by OP or OQ; and 
the diameters pafling through the me of contact to the radius 


OP or 0Q5 thats, = Fa +, &e. or Qe” + 


: Qf” + Qa -, &c. = the fum of the 2m powers of perpen- 


diculars drawn from any point in the circumference of a circle 
defcribed from P as a centre, with PO as radius to 2 number’ 
of right lines, interfecting each other in P, and making all the 
angles equal, = the fum of the m powers of the re¢tangles A a x 
aG, Bexer, Cbx bh, &c.; or of the reftangles Ge A, 
rf x f{B, 6d x dC, &c. when the regular figure circumfcribing 
_ the circle has an odd number of fides; but equal to twice the: 
fum of the 2 m powers of faid fines, or to twice the fum of the 
m powers of faid rectangles, when the regular figure circumfcri-- 
bing the circle has an even number of fides, fince the number 
of the diameters drawn through the oppofite points of contaet,. 
and making equal angles with each other, at their interfection in: 
_ the centre O, is only half the number of the points of contaét or- 
fides of the figure. But thefe reGtangles are refpedtively equal: 


tor—Oa x r+QOa, r—Oe x r+Oc, xr+04, &e.- 


or &c.; and the fum of. their m™ 


powers is x Oa +05 +, &c. ton terms) 


+ Oa + Oc. + 08" -+-, &c. to terms, or to 


—, -to (n) terms, according as m: 


is even or odd. 


III. 


2 


| 

‘ | 

| 


a 
™ 
‘ 
‘ 
4 
- 
= 
; 
: 
‘ . ~ . 
4 
‘ 
‘ 
4 
~ 


sey 


4 


T 


. 


ere 


; 

i 

' 

‘ 

‘ 

| 


-* 


Wain 
"ce 
- 


| | 
Fig.l. | 
| 
M 
B 
| 
-* 
Fig.3. | 
1 
a 
B 
C 
/ 
P 
s J 
F 
j 
3 f 
| 
rig. 
| 
| 
| 
R 


| | 


¥ig. 2. 


Fig.7. 


- 
\ a. 
4 \ 
Pf, 


A 
| 
\ 
E 
| 
| 
B 
| | 
E | 


17) 
| 
| | | 


ILI. ‘Account a of the Er. 


of, ComPRESSION. in modifying, the ACTION 
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‘Ancient Revolutions of the’ Mineral Kingdom.—Vain attempts to explain 
them— Dependence of Geology on Chemiftry.—Importance of the Carbo- 
nate of Lime.—Dr Buack’s difcovery of Carbonic Acid, fubvérted the 

former, theories depending on. Fire, but gave birth to that. of Dr Hor- 
of the Author's Ideas with, regard to that Theory. 
Experiments, with, Heat and Comprefion, Jiggefted to Dr Hurrox 
1790. —Undertaken by the in. on which 
| bis Succef, were founded. | 


(OEVER. has attended to, fiudure of Rocks and 
yl Mountains, muft be convinced, that our Globe has not 
alway s exifted. in its prefent, ftate; but that every part of its 
fo fax at,leaft as our obfervations reach, has 
and fabverted by the moft violent revolutions. 

Facts deading : to fuch firiking conclufions, however i imper- 
feAly obferyed, could not:fail.to awaken curiofity, and give rife 
to a defire -of tracing the, hiftery, and of. invefligating the 
‘cautes, of fuch ‘ftupendous events ; and various attempts were 
made i in this ware little facets for while difcoveries 


of 


i 
| 
; 
| 
| 
‘ 
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of the utmoft importance and accuracy were made in Aftrono- 
my and Natural Philofophy, the fyftems produced by the Geo- 
logifts were fo fanciful and pone as {carcely to deferve a 
ferious refutation. 

One principal caufe of this failure, feems to have lain in'the 
very imperfe& ftate of Chemiftry, which has only of late years — 
begun to deferve the name of a fcience. .While Chemiftry was 
in its infancy, it was impoffible that Geology fhould make any 
progrefs; fince feveral of the moft important circumftances to | 
be accounted for by this latter {cience, are admitted on all 
hands to depend upon principles of the former. The confoli- 
dation of loofe fand into ftrata of folid rock; the cryftalline 
arrangement of fubftances accompanying thofe ftrata, and 
blended with them in various modes, are circumftances of a 
chemical nature, which all thofe who have attempted to frame 
theories of the earth have endeavoured by chemical ——- 
ings to reconcile to their hypothefes. 

Fire and Warer, the only agents in nature by which ftény 
fubftances are produced, under our obfervation, were employ- 
' ed by contending. fects of geologitts,- to explain on the phe- 

nomena of the mineral kingdom. : 

Burt the known properties of Water, are quite repugnant to 
the belief of its univerfal influence, fince a very great propor- 
tion of the fubftances under confideration are infoluble, or near- 
ly fo, in that fluid ; and fince, if they were all extremely fo- 
luble, the quantity of water which is known to exift, or that 
could poffibly:exift in our planet, would be far too fmall to ac- 
complith the office affigned to it in the Neptunian theory *. On 
the other hand, the known properties of Fire are no lefs inade- 
quate to the purpofe ; for, various fubftances which frequently 
occur in athe mineral feem, their ‘prefence, to pre- 


clude 


* Illuftrations of the Huttonian Theory, by Mr Profeflor PLarrair, 430» 
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clude its: experiment ‘hews, 
our fires, they are totally changed or deftroyed. © 95155 


UNDER fuch circumftances, the advocates of either element 
were enabled, very fuccefsfully, to refute the opinions ‘of their 
-adverfaries,-though they) could.-but. feebly defend theirsown : 
and, owing perhaps to this mutual power of attack, and.jfor 
want of any alternative to which the opinions of men could 
lean, both fyftems: maintained certain degree of credit; and 
writers on geology indulged themfelves; with a fort of im3 
punity, in a ftyle of unphilofophical reafoning, which would 
not have been tolerated in other fciences. 

OF all:mineral fubftances, the Carbonate of Lime “unque- 
ftioniably’ the moft important in a general: view. As limeftone 
or marble, it conftitutes:a very. confiderable part of the folid 
mais of many countries ;and,' in, the form of veins and no- 
dules of fpar, pervades every fpecies of ftone. Its hiftory. is 
_ thus interwoven in fuch a manner with that of the mineral 
kingdom at large, that the fate of any geological theory muft 
very. much depend upon its fuccefsful) application to the va- 
rious conditions‘of this fubftance.: But, till Dr Buacx, by his 
| difcovery of Carbonic: Acid, explained the chemical nature of 
the carbonate, no rational theory could be formed, of the ches 
mical revolutions which it has undoubtedly undergone. 

~Tuus difcovery was, in the firft:inftance, hoftile to the fap-. 
pofed action of fire ; for the decompofition of limeftone by fire 
in every common kiln: being ‘thus‘proved; it: feemed abfurd to 
afcribe to that fame of or 
any ‘mafs containing it. | 
contemplation: of this difficulty. led Dr to view 
the action of: fire in a manner’ peculiar to himfelf, and thus.to 
form a geological theory, by which, in my opinion, he has fur- © 
nifhed the world with the true folution of one of the moft inte- 


~ 


EFFECTS of HEAT 


refting problems that ever of men of 
{cience. 


I. Tear Hea has 8d, at Temote period, ‘on all 


fuch as now appear at the furface) lay = (i a nee 
cumbent mafs, of weighs ane 
it. Ta AT in of | of Heat 
and Preffure, effects were produced different from thofe of: heat 
on common occafions'; in particular, that the carbonate of 
lime was reduced to a ftate of more or 


Tur effential charadteriftic principle of his thus 
comprifed in thé word Comprefiion; and by:one bold hypothefis; 
founded on this principle, he. undertook to meet all the objecs 
tions to the action of fire, and to.‘account for: thofe circum: 
ftances in which minerals ‘are found to from the: 

fyftem, however, involves fo. many appa- 
rently in contradiction to common experience, which meet us ‘on 


the very threfhold; that moft:men ‘have hitherto been deterred 


from the inveftigation of its principles, and only.a few indivi-. 
duals have juftly appreciated its merits. It was long before 


belonged to the latter clafs; ‘for Immuft own, that, on. réad- 


ing Dr Hurron’s firft geological publication, I was induced:to 
reject his fyftem entirely, and fhould probably have continued 
ftill to do fo, with the great majority of the world, but for my 
habits of intimacy with the author ; the vivacity and perfpicui- 
ty of whofe converfation, formed a ftriking contraft to the ob- 

{curity 


E luppoied, 

| 

| 
| 
| | 
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fcurity of ‘his writings. : L-was induced by that charm, and. by 
the numerous original facts’ which his fyftem had ‘led him to 
obferve, to liften to’ his arguments, in favour of opinions which 
I then looked upon as vifionary. thus-derived from his con- 
verfation, the fame:advantage which the world has lately done 
from the publication of Mr Piayrair’s and, ex- 
perienced ‘the fame influence which’ is now. exerted by. that 
work, on the minds of our.moft eminent men of feience.. - 
Arter three years of:almoft daily warfare with Dr Hor- | 
Ton, on the fubjeét of his: theory, I began to view his:funda- 
mental principles with lefg: and lefs*repugnance. There is a 
period, I believe, in all {cientific inveftigations, when con- 
jeftures of genius ceafe. to appear. extravagant ; and when 
_ ‘we balance the fertility of a principle)-in explaining she phe- 
nomena of nature, againft its improbability.as.an hypothefis: 
_ The partial’view which we then obtain of truth, ig perhaps the 
moft attractive of any, and moft powerfully. ftimulates the — 
exertions of an mind. The mift:which obfcured fome 
objects diflipates by degrece, and allows them to appear. in their 
true colours ; at the fame Profpelt toour 
view, of fcenes unfufpected before. i 
CENTERING now ferioufly into: the train. of fole 
lowed by Dr Hutrow; I conceived that the chemical effeGs 
afcribed by him to compreflion, ought, im the firft place, to be 
inveftigated ; for, unlefs fome good:reafon were given’ us for 
believing that heat would be modified by preffure, in ‘the. man- 
ner alleged, it would avail<us little to know that they had 
‘acted together. He refted’his belief of this influence on ana- 
logy and’ on the fatisfactory folution of all the phenomena, 
furnithed by: this’ fuppofition. . It occurred to: me,. however, 
that this principle was fufceptible of being eftablithed in,a di- 
reé manner by experiment, and I urged him to make the: at- 
tempt; but he always rejected this propofal, on account of 


| 
| 
| 

| 
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the — of the natural agents, whofe operations he fup- 
pofed to lie far beyond the reach of our imitation; and -he 


feemed to imagine, that any fuch attempt muft undoubtedly 


fail, and ‘thus throw difcredit on opinions already fufficiently 
eftablifhed, as he conceived, on other principles. : L-was far, 
however, from being convinced by thefe arguments-; for; with- 


out being able to prove that any artificial compreflion to which 


we could expofe the carbonate, would effectually. prevent. its. 
calcination in ‘our fires, I maintained, that we had as little 


_ proof of the contrary, and that the application ofa moderate — 
force might -poflibly perform all that was hypothetically, af- 
fumed in the Huttonian Theory. On the other hand, I.con-— 
fidered- myfelf as bound, in practice, to pay deference to -his 


opinion, in a field which he had already fo nobly, occupied, 
and abftained, during the remainder of his life, from: the, pro- 


fecution of fome which I had. 


begun in't790. 
In 1798, I refurried the fubjed with being ftill of 
opinion, that the chemical law which forms the bafis of the 


Huttonian Theory, ought, inthe firft. place,'to be inyeftigated 


experimentally ; ; all my fubfequent  refleGtions and obferva~ 
tions having tended to confirm my idea of the. importance 
of this purfuit, without in mr more. 


_prehenfive as to the refult. 


_ In the arrangement of: the: hhall Grit cen- 


fine myfelf to the inveftigation of the chemical effects of Heat 


and Compreffion, -referving to the concluding part, the appli- 
cation of: my: refults to Geology.. I fhall, then, appeal.to the 


volcanoes, and fhall endeavour ‘to. vindicate the laws. of ac- 


tion affumed inthe Huttonian Theory, by dhewing, that lavas, 
previous to their eruptions, are fubje& to fimilar laws; and, 
that the volcanoes, by- their fubterranean and fubmarine exer- 
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‘tions, muft produce;:imour times, refults Similar! to 
‘bed, in that ‘Theory, 'to the former action: Of fires; 
_ In comparing the Huttonian operations with thofeof 
volcanoes; I hall avail myfelf of fome facts, brought to light 
inthe courfe of: the following mveftigations, by which,a pre- 
cife limit’ is aflignedto the :intenfity of the heat, and the 
force of compreéffion; required to. fulfil: the conditions, of Dr 
Hutron's hypothefis For, /according to him, the power of 
_thofle agents was very great, but quite indefinite ; it was.there- 
manner with the phenomena of nature,» -- | | 
attention was almoft exchifively ton to she. 
nate of Lime; about which I reafoned as follows: ‘The. carbonic 
acid, when uncombined.with any other fubftance, exifts natural- 
ky ima gafeous!form, at the common temperature of our atmo- 
{phere ; but when in. union with: lime, its/volatility is reprefied, 
in that fame temperature, by: the chemical force of the earthy. 
fubftance, which :retains. it the tem- 
perature. is. raifed, to full. red-heat, acquires a yola- 
tility iby which’ that:.force: is overcome, jit, efcapes from. the 
lime, and:affumes ‘its gafeous. form... It is evident, that, were the 
attradtive force:of ‘the lime increafed, or the volatility of the 
acid diminifhed by.any means, ‘the compound would be enabled — 
to bear a higher heat without decempofition, than it can in the 
prefent ftate. of things... Now, preflure, muft produce an effec 
of this kind.;, for when a. mechanical, force oppoles.the, expan- 
fion of the acid, its volatility muft, to.a, certain degree, be di- 
minifhed. Under preffure, then, the carbonate may, be expedt- 
ed to.remaim unchanged in a heat, which, in the open air, 
it would have been calcined... experiment alone can teach, 
us, what comprefling force is requifite to/enable it to; refift any. 
given elevation of temperature ; and what is to be the refult. of 
fuch an. — Some of the compounds of lime with acids. 
are. 


| 
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are fulible, others refraétory ; the:carbonate, when 
by preffure to: endure a aps as as’ the 
muriate. 
ONE : the ‘Theory, 
induced me to hope, that’ the carbonate -was eafily fufible, — 
and indicated a precife point, , under which that fufion ought 
to be expected. ' Nothing is more common than to meet with 
nodules of calcareous {par inclofed in whinftone ; and we fip- 
pofe, according to the Huttonian Theory, that the whin and the 
fpar had been liquid together; the two fluids keeping fepa- 
rate, like oil and water. Itcis natural; at-the junétion of thefe 
two, to look for indications of their relative fufibilities; and we - 
find, accordingly, that the termination of the {paris generally 
globular and fmooth; which {eems' to’ prove; that, when: the 
whin' became folid, the fpar’was ftill'in liquid for had 
thefpar congealed firtt; the tendency: «which it fhews;'on all oc- 
__cafions of freedom, to {hoot out ‘into prominent cryftals, would 
have made it dart into the liquid whin, according to the pecu- 
iar forms of its cryftallization; as has happened with the various | 
fubftances ‘contained in whin,:much more refradtory than it- 
felf, narhely; aiipive, ‘felfpar; “Ste: ; all of which: having con: 
gealed in the ligiiid whin; have affumied their peculiar forms — 
with perfect regularity. From this I concluded, that when the. 
_ whinl congéaléd; which muft have happened about 28° or 30° 
of Wepcwoobd; ‘the fparwas- fill liqdid.. therefore expected, 
if I could compel the ‘carbonate to beara heat of:28° without 
decompofition, that'it would enter into fufion. The fequei will 
thew, that this ‘conjecture was not Without foundation. 
tow’ enter upon thé defeription of thofe experiments, 
the réfult’of which T Wad the henour-to lay before this Society | 
on: the 30th of. Augaft ‘laft (180g); fally aware how difficult it is, 
in giving an account of above five hundred experiments, all tend- 
ing to‘one point, but: ‘much ‘from each other'in vari- 
ous 
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ous particulars,-to fteer ‘between'the oppofite faults of prolixity 
atid barrennefs.. ‘My object ‘thalb-be to ideferibe; as thortly as 


pollible, all the methods ‘followed, as:t6 enable any chemitt. 
to repeat the’ ‘experiments 5 ; and: to dwell: particularly on.fuch 


Tue sefult already known, éonfider am 

| about to give of the execution of thefe experiments, as ms ee 
fed to thofe who ‘take ‘a ‘particular intéreft: in the progrefs) of 

chemical operations : in thejeyes of fuch gentlemén, craft, 


=, 


‘of. execution: upon: awbich. the: were-con- 


\ dudted.—Experiménts) with .Gun-Barrels, filled, with baked Clay, and 
-welded.at the muzzle.—Metbod with the ufible Metal,— Remarkable 


various | devices. of {crews, of | bolts, ‘and, of lids, fo adjuft-. 
ed, Ivhoped,.as to, confine all. elaftic fubftances and. per- 
haps: fome of them might have anfwered. But I laid afide 


all fuch devices, in favour of one “which occurred to me in. 


| January 27983, which, by its fimplicity, was of eafy appli- 


cation in all cafes, and accgmplifhed all that could be done 


by'any device, fince it fecured perfect. ftrength and tightnefs to: 
the utmoft that the veffels employed could bear, whether form-. 


ed of metallic or earthy fubftance. The device depends upon. 
| | the 


I firft 10 ‘experiments with wine 
adiing. under compreffion, I. empioyed. myfelf in contriving | 


; 
| 
i 
a 


the wiew sshollow.tube or, 
rél (AD, fig. 1-)' clofed at oné ‘end, aridoopen atthe other, of 
one foot or more ‘in tengths . it is evident, thas by introducing. 
one ‘eitd into'a furnace; we: ‘can apply it as great: heat, as. 

art ‘cati'préduce, while the other end:is kept cool, or, if, necef- 
fary, expofed to extreme cold. If, then, the fubftance which 
We: mean to: fubjet to the combined,attion of. heat and pref- 
fure, be introduced iato the breech or clofed jend of :the barrel 
(CD), and if the! middle part: be filled with fome: refractory, 
fubftance; leaving>a fmall empty: {pace at the muzzle. (AB), we we x 
can apply heat tothe inuzzle) while the, breech, containing the 
fubje& of experiment, is kept cool, and thus clofe the barrel. by 
any of the numerous modes which heat affords, from the weld-— 
ing of iron to the melting of fealing-wax. Things being then 
reverfed, and the breech put into the furnace, a heat of any 
required intenfity may be applied to the fub ore of experiment, 
now in a ftate of confiraint. __ 

~My firft application of this fcheme was: carci’. on, with, 
a common gun-barrel, cut off at the touch-hole,. and welded 
very firongly at the breech by means of a plug of iron. 
Inte it I introduced the carbonate, préevioufly rammed ‘into:a 
: cartridge of paper or pafteboard, in order to protect it from the 
-iroa, by which, in fome former trials, the fubject of experiment 
had been contaminated throughout during the action of heat.’ 1 
then rammed the reft of the barrel fulkof pounded clay, previouf— 
ly baked i ina ftrong heat, and’ I had: tHe iuzzle‘elofed like the 
breech, by plug iron welded upon ‘it int a commidt forges” 
the reft of the barrel being kept cold’ during this operation,- 
by. means of wet. cloths, THe breech of :the barrel was: 
then introduced horizontally inté’a ¢ommon muffle, heated to. 
about 25° of Wepewoop. "To! the muzzle tope was fixed,’ 
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out danger! an explofion Liikewife, about. this time, 
clofed:the‘mndzle of! the-barrel, by means ‘of a plug, fixed by 
folder. :onl'y which method had this peculiar advantage, that 
opén: the barrel, recourfe 
to a:wotkman; though /many. barrels, yielded 
to theiexpanfive force, others refifted it, and afforded fome: re. 
falts:thiat were: in thei higheft:degret encduraging, and even 
fatisfaftory; could they-have been, obtained with ceftaimty on 
repetition:of' the procefs,. nt many-of them, chalk,or com, 
mon: limeftone’ previoudly: pulverifed, was. agglutinated into 
ftony mafs, which required a fmart blow of a hammer “4 
break-it, arid felt under the ‘knife ike) a commen. limeftone ; 
atthe fame time, the fubffance,‘whea thrown. into nitric acid, 
diffolved. entitely with, violent effervefcence. 
of thefe experiments, owing to the of on 
the icartridge’, of paper,!-the, baked clay,: which had 
ufed:'to’ fill the ‘barrel, was; ftained black throughout,: to. the 
diftance of ‘two-thirds. of| the. length. of the! barrel from, its 
breech.:: This..circumftance. is.of importance, by: thewing, 
that though’ all tight; at the protrifion; may _ 
take place along: the; barnel,’ | 


ON one the im ce 0 this tion was ftrongly Ha 
ai pines) Before thielhedt had to tednefe, by Which’ 
hathel iipread to a Mat; plate, dnd: the wat blown to pieces.) Dr, 
who. happened go be this occafton, obferved, that netwith. 
andi ¢ time.migh when we, ould water in| 
of reffiom, T'tiavé fice ‘aide. great tite’ 
of this‘ valuable but foarcely Uived, aad! 
for my dirft; ih: this place: during 


being fo arranged, that the ftrain agai them has only commenced in a 
heat, in which the metal has been fo far — as to yield by laceration wens a 


piece of leather. - 
bas to ovd winwalid to aq * 
Vou. VI.—P. I. 


} 
| 
| 


plete and; at thé fame! time; it :illiftrates: what 
has happened occafionally in. nature; ‘where! the: 
‘matter feems to have been driver by ‘fuperior local ‘Heat, ftom 
one part of a coaly bed, though-retained in others, under thé 
fame compreffion. ‘The off being'found, in 
other cafes, to pervade andtingebeds'of 
was: employed im this” purfuie jn! fpring’ 1800; whenan 
event of importance interrupted my éxpetimeénts: for about ‘a 
year. But I refumed them in March ‘1801, ‘with many -new 
In the of fay firft trials, ‘the following mode:of execu- 
tion had occurred ta me, which I now began to put in pradtice. 
It is well known to chemifts, that a certain compofition of differ- 
ent metals, produces a fabftance fo fufible, as 'to melt imithe 
heat of boiling-water: I ¢onceived that great advantage; both 
in point of accuracy and difpatch; might be'gained in thefe'ex~ 
periments, by fabftituting this ‘nietal ‘for the baked clay -above 
metitioned: That after introducing the: carbonate into the 
breech ‘of the” barrel; the fufible: metal, an liquid *ftate; 
might be’ poured ‘in,’ fo’ ‘to? fill the: barrel its’: brink: 
That when the metal had cooled and become folid, the breech 
might, as before, be introduced into a muffle, and expofed 
"to any required heat, while the muzgle was. carefully kept cold. 
In this manner, no part.of the fufible:metal being melted, but 
what lay at the breech; the’ reft, ‘contiriuing: in 'a-folid: fate; 
would ‘effectually confirie the carbonic acid : aftér the ac- 
tion of ftrdng heat had ceafed, ‘and. after all had been allowed 
to cool completely, the fufible. metal might.be removed entixe-, 
ly from the barrel; by. means‘of a:beat little above that of boil- 
and far, too ‘low to’ of 


* Eight parts of bifenath, five of lead, and three of tin, | 
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the ¢arbonate: by calcination, though) acting upon. it. in free- 
dom; and then, that the, fubjec of, expeninent might as 
fore; be taken out of the barrel. 

tsoftheme, with various. ‘addhious,; 
which -prastice has fuggefted,, forms, the bafis of moft of. ahs 
following methods, 029 torts: 
fir tial, a. Griking phenemmnen: occurred, 
gave rife to the moft important of thefe modifications. ; Ha- 
ving’ filled! a, gun-barrel with the fufible, metal, without any 
carbonate and, having/placed. the’ breechsin a, muffle; 1 was 
furprifed to fee, as the heat, approached to rednefs, the. liquid 
metal exuding through the iron in, innumerable minute drops, 
‘difperfed all round the barrel. As the heat advanced, this 
exudation increafed, till at laft the metal flowed out in 
continued fireams, ,and..the barrel was quite deftroyed. On 
féveral occafions. of the. fame.kind, the! fufible metal, being 
forced through fone very minute aperture in the barrel; — 
fpouted from it to the diftance: of feveral yards, depofiting 

upon .any., fubftance, oppofed, to the ftream, a beautiful af- 
femblage-of fine wire, exadly in the form of' wool. . I imme- 
diately underftood, that the phenomenon ‘was produced by the 
of the liquid over the folid metal, in con-— 


th 


ironas-water: was through * by mechanical per- 


cuffion in the Florentine: ‘experiment. It eccutred to me, that 
this might be prevented. by Confining along ‘with ‘the’ fufible 
metal a fmall quantity of air, which, by yielding a little to 


of Natural Experiments made in the del Cimento, ‘ranila- 
ted by London, 1684, page 117. The fame USSCHENBROEK'S Ta. 


| 
| 
; 
| 


medy was found to anfwer’ completely, ‘and ‘as: applic, in 
all the experiments made at this'time*, 

I now propofed, in order to keep the 
inclofe it in a fmall veffel'; and: to’ obviate the’ iof 
removing the refult at the conclufion of the ‘experiment,!) 
further propofed te connect that veffel with an iron ramrod, 
longer than: the barrel, by whieh’ it ‘Or 
withdrawn at pleafure. 

A SMALL tube of glafs. or of 
a quarter of an inch in diameter; and one ‘or two inches in 


length, (fig. 2. A) was half filled with pounded carbonate, of 
lime, rammed as hard as poflible; the other half of the tube 

found matter of much to afcértain the proper quantity of air 
which ought to be thus inclofed, When the quantity was too great, the refult. 
was injured by diminution of  elafticity, as ] I fhall have occafion fully to shew here- 
after. When too f{mall, or when, ‘by any accident, the whole of this included a air 
was ‘allowed to efcape, thie barrel was deftroyed. | : 
I hoped. to afcertain the bulk of ait rieceffary ‘to give liberty: to the ‘ex-' 
panfion of the liquid metal, by meafuring the: aGual ‘quantity exzpetled by: 
known heats from an open barrel filled with jt, But I).was farprifed. to, find, 
that the quantity thus difcharged, exceeded j in bulk that of the air which, in 
the fame heats, 1 had confined alon; g with the ‘carbonate and fufible metal in. 
many fuccefsful experiments. ‘As the expanfiom of ‘the liquid does not feem ca- 
pable of fenfible diminution by an oppofing force, this fa& can only be’accounted 
for by a diftention of the barrel. In thefe experiments, then, the expanfive force. 
of the carbonic acid, of the included air, and of the fufible metal, a€ted in combi- 
nation againft the barrel, and were yielded to in part by the diftention of the bar- 
tel, and by the condenfation of the included air. My obje@ was.to increafe the 
force of this mutual a@ion; by diminithing the quantity of air, and by other de- 
vices to be mentioned hereafter. Where/fo many forces were concerned, the 
laws of whofe variations were unknown, much precifion could not be expetted, 


nor is it wonderful, that in attempting to carry the comprefling mene to the ut- 
moft, I fhould have deftroyed barrels innumerable. 


+ Ihave fince conftantly ufed tubes of common porcelain, finding plats much 
too fufible for this purpofe. | 


2 
i 
i 
} 
f 
} 
{ 
1 
¢ 
| 


- which I have. already fo far fucceeded as to obtain a fet of pieces, which, though 
far from complete, anfwer my purpofe tolerably well: I lately an oppor-- 
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as moft likély to pfevent the intrufion of the fufible metal. 


in its liquid and penetrating ftate. “'This tube-fo: filled, was. 
in fratne or-‘eradle of iron (d fkb, figs. 3, 4, 5, and 

6,) fixed'to the ‘end “(m)' of a‘tamzrod: (mn). The cradle 
was from fix to three inches in length, and as much in diame- 
ter as a gun-barrel would admit with eafe. It was compofed. 
of two circular plates of iron, (d x and. bik l, feen iedge-. 
wife in the figures,) placed ‘at right-angles to: the ram-rod, one 


of thefe’ plates (de f being fixed’ to it by the centre (m), 
_ Fhefe plates were connected together by four ribs or flattened: 


wires of iron (d 4, ¢ i, f#, and g/,) which formed the cradle. 
into which the tube (A), containing the carbonate, was intro-. 
duced by thrufting the adjacent ribs.afunder. Along with the. 
tube juft mentioned, was introduced another tube (B), of iron. 
or porcelain, ‘filled only with air. Likewife, in the cradle, a: 


| pyrometer * piece (C) was placed. in. contact. with {A) the-tube- 


containing the. carbonate. Thefe. articles generally occupied. 


+ ~ 


‘ 
w & 


pyrometer: pieces wled i in n ithefe' own. 
eye: , Neceffity cotapelled me.to undertake: this laborious and difficult work, in- 


tunity of comparing my: fet with that of Mr WepGwoop, at- various tempera- 
tnres, in furnaces of great fize and: fteadinefs. The: refult has proved, that my, 
pieces agree as well with each other. as his, though with my fet. each tempera- 


ture is indicated by a different degree of the fcale. 1 have thus been enabled to : 


conftrné a table, by which my obfervations have been correGed; fo-that the 
temperatures ‘mentioned in this paper are fuch as: wouldhave been indicated by. 
Mr Wencwoon’s pieces. By Mr WeDcwoon’s pieces, I mean thofe of. the. 
only fet. which has. been fold to the public, and by which the. melting heat of. 
pure filver is indicated at the 22d degree. .1 am well aware, that the. late Mr 
WenpcwoopD, in-his Table of Fufibilities, has ftated that fufion as taking place at. 
the 28th degree; but I am convinced that his obfervations muft have been msde: 
with fome fet different from that which was afterwards fold; 


‘being filled pounded filex, or:with ~whatever cccurred —s._ 
| 
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the whole cradle }. when any fpace remained, it-was. filled. up 
by a piece of chalk dreffed for the (Fi igs 
the cradle filled, as juft defcribed).... 
being thus prepared, the 
with its muzzle upwards, was half filled with the Jiquid fufible. 
metal. The cradle was then introduced into and 
plunged to the bottom of the liquid, fo that the carbonate was. 
placed very near the breech, (as reprefented in fig. 5, the fu- 
fible metal ftanding at 0). . The air-tube (B) being placed; fo 
as to enter the liquid with its muzzle downwards, retamed 
great part of the air it originally contained, though. fome of it 
might be driven off by the heat, fo as'to efcape through the 
liquid. The metal being now allowed to.cool, and to fixround 
the cradle and ramrod; the air remaiming in the air-tube was 
effectually confined, dnd:all was held faft. The barrel being 


then filled to the brim with fufible metal, the apparatus was 


ready for the of heat te the breech, thewn i in 
In the at time, I a brick 
furnace (figs. 7 and 8), having’a muffle (r s) traverfing it ho- 
rizontally oe open at both ends. This muffle being fupported 
in the middle by'a very flender prop, was expofed to fire from 
below, as well as all round. The barrel was placed in the 
muffle, with its breech in the hotteft part, and the end next 
the muzzle projeCting beyond the furnace, and furrounded with 
cloths which were drenched with water from time to’ time. 
(This arrangement is fhewn in fig. 7). In this fituation, the 
fufible metal furrounding the cradle being melted, the air 
contained in the air-tube would of courfe feek the higheft pa- 
 fition, and its firft place in the air-tube would ‘be occupied 
by fufible metal, (In fig. 6., the new pofition of the air is 
fhewn at p 7). 


Ar 
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.: Arthe conclufion of the experiment, the metal was generally 
removed by placing the barrel ‘in ‘the tranfverfe muffle, with 
its muzzle pointing: a little: downwards, and fo. that the ‘heat 
was..applied: firft.to the: ‘muzzle, and ‘then to the reft:of the 
barrel \in fucceffion, (This ‘operation is: thewn in fig.8}, In 
- fome of the firft of thefe experiments, I loofened the cradle, by 
plunging the barrel: into ‘heated brine, or a ftrong folution of 
muriate of lime; which: laft beats: a temperature. ‘of 2 50° of 
Fanresueir before it boils. . For this purpofe, I ufed a.pan 
three inches:in diameter, and three feet deep, having a flat bafon. 
at top to receive the liquid-when it boiled‘over. The method 
anfwered, but was troublefome, and ‘I laid it afide. I have had: 
occafion, lately, however, to refume it in fome experiments in 
which it was of to the burrel with: 
Mj) 090 

By thefe I a oft experiments, 


that were highly interefting in that ftage of the bufi- _ 


nefs, though their importance. is fo much diminifhed by the. 
td. mention but very few-of them. 
Ow the 31ft of March 1801, rammed: grains of pound- 
ed. chalk into a tube of green bottle-glafs, and placed ‘it in the 
cradle as above defcribed.. A: pynomieter in the muffle along 
with the barrel: indicated. 33°.. The barrel was expofed to heat. 
during feventeen or eighteen minutes. On withdrawing the 
cradle, the carhonate was found:in one folid mafs, which had 
weer fhrunike in. bulk, the itary thus left within the tube being 


many of the experiments, lead ‘was wre ‘in of -the fufible 

metal, and often with fuccefs ; but I loft many good refults in this way: for the. 

heat required to liquefy the dead, approaches fo near to rednefs, that it is difficult: 

to difengage the cradle without applying a temperature. by. which -the carbonate 

is injured. I have found it anfwer well, to furround the cradle and a few inches 
of the rod, with fufible metal, and to fill the reft of the barre] with lead. 
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_ aceurately. filled with metal, which: plated the: carbonate. ali 
without penetrating jit in. the leat, fo that the! metah:was 
.eafily removed. The weight was reduced from forty to thirty: 
fix grains. .The fubftance:was very hard, and refifted the-knife 
_ ;better than any refult of the kind previoufly obtained ; its-frac- 
ture cryftalline, bearing a-refemblance ‘to: white faline 
marble, and. its thin edges had a ‘decided 
a. circumiftance firft obferved in'this'refult. 

On: the 3d of March of; the fame year, I. made a fimilar 
experiment, in which a pyremeter-piece. was: placed: with: 
in the barrel, and another in the mufile ; they agreedoin.indi- 
cating 23°. . The inner tube, which was of Reaumur’s porce- 
Jain, contained. eighty grains of. pounded chalk. The carbo- 
nate was found, after the experiment, to have loft 34 grains. 
A thin rim, lefs than the 20th of an inch in thicknefs, of 
whitifh matter, appeared on the outfide of the mafs. In other 
refpedts, the carbonate was in a very perfect ftate ; it was'of.a 
yellowith colour, and had a decided femitranfparency and 
faline fracture. But what renders this refult of the greateft 
value, is, that on breaking the mafs, a {pace of more. than the 
tenth of an inch fquare, was found to be completely cryftale 
lized, having acquired the rhomboidal fra@ure of calcareous 
fpar. It was white and opaque, and. prefented to the. view 
Fe fets of parallel plates which are feen under three different 
angles. This fubftance, owing to partial calcination and: fub> — 
fequent abforption. of moifture, had loft all appearance of;its 
remarkable properties in fome weeks after its produGion }. but 
this appearance has fince been reftored, by a freth fradture, 
and the is now well by necmeti¢ally 
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ubes of Porcelain—u of Weigrooed’s Ware. 
Methods ufed 1 to confine the Carbonic Acid, to clofe the Pores of 
© the Porcelain in a Horizontal Apparatus.—Tubes made with a view — 


“to thefe Experiments,—The Vertical Apparatus adopted.—View of 
Refit obtained, both in Iron and Porcelain.—The Formation of Lime- 


and ‘Marble. —Inquiry into the Caufe of the partial Calcinations. 
 —Tubes of Porcelain weighed previous to with 
Tubes to be limited. 


‘Wa 1Le I was carrying on the above-mentioned experiments, 
I was occafionally occupied with another fet, in tubes of  por- 
celain.'° So much, indeéd,’ was I prepoffeffed in favour of this 
laft mode, that ¥ laid gun-barrels afide, and adhered to it du- 
ring more than 2 ‘year. The methods followed with this fub- 
ftance, differ widely from thofe already defcribed, hough 
founded’ on the fame general principles. Siok 

from Mr Werdéwoon’s | at’ Etruria, 
ti Staffordthiré, a fet of tubes for this purpofe, formed of the 
fame fubftance wit the white mortars, in corbinon ufe; made 
there. ‘Thefe tubes were’ ‘fourteen’ inches loig; “with ‘bore 
of Half aw ifich diameter,’ ad’ ‘thicknets ‘Of 0.23, ‘being clofed 
at Unb'énd (figs: ‘9, t, "12, 3 Sid 

PROPOSED’ to’ rant: the adi lime the breech 
(Fig. 6. A); ‘then filling the tube to within'a final: diftanice of 
its muzzle with pounded ‘flint at '(BY; to’ Fill that (C) 
with OF ops (Horat foda Previoiily re- 
alone, fo’ as Convert: ‘bérax into folid’ gla “then, ré- 
verfihg the operation, to’ keep the cold; app ly the 
requifite fieat to the carbonate lodged ‘in the bréecti.” 

VIL—P. I. | 


| 

| 


I expected to confine the carbonic ‘but the at- 
tempt was attended with confiderable difficalty: and has led 
to the employment of various devices, which I fhall now fhort- 


_ ly enumerate, as they occurred in the courfe of practice. ane 
fimnple application of the principle was found infufficient, from 


two caufes: Firft, The carbonic acid being driven from the 


breech of the tube, towards the muzzle, among the pores of | 


the pounded filex, efcaped_ from the compreffing force, by 
lodging itfelf in cavities which were comparatively cold : 


Secondly, The glafs of borax, on cooling, was always found.to 


crack very much, fo that its tightnets could not be depended 
on. 


To obviate both thefe inconveniences at once, it occurred to. 


‘me, in addition to the firft arrangement, to place fome borax 


(fig. 10. C) fo near the breech of the tube, as to undergo heat 


along with the carbonate (A);. but. interpofing between. this 


borax and the carbonate, a ftratum of filex (B), in order to 
preyent | contamination. I trufted that the borax in a liquid 
or vifcid ftate, being thruft outwards by the expanfion. of the 
carbonic acid, would prefs againft the filex beyond it.(D), 


and totally prevent the elaftic fubftances from efcaping out of 


the tube, or even from wandering inta its cold parts. 
In fome refpeds, this plan anfwered, ta expectation. ‘The 


glafs. of borax, which can never, be. obtained when cold, with- 


out innumerable cracks, unites into one contiriued vifcid mafs 


in the loweft red-heat ; and as the ftrefs in thefe experiments, 
begins only with rednefs, the borax. being heated at the fame 
time with the carbonate, becomes united. and impervious, as 

foon. as. its action is neceflary.. Many good refults were accord- 
ingly obtained i in this way. But I found, in prattice, that,as the 


heat rofe, the borax began to enter into too thin fufion, and 


‘was often loft among the pores of the filex, the {pace in which 
_ it had Jain being found Oey on breaking the tube. It was 
‘therefore 
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neceflary to oppofe fomething more fubftan- 

In (earchiig for fabiftance, curious. property of 
bottle-glafs “occurred accidentally.’ ‘Some of. this* glaG, ‘in 
powder, having: been introduced into a muffle at. the ‘tempe- 
rature of about 20° of \Wepcwoons the powder, in the {fpace 
of about a minute, entered into a ftate of vifcid agglutination, 
like that of honey, and in about a mimute more,‘ (the heat al. 
ways continuing unchanged,) confolidated into.a firm and com-: 
pact mals of Reanmur’s: porcelain *.> now. appeared, that by. 
placing .this fubftance ‘immediately ‘behind ‘the ‘borax, the 
penetrating quality of this laft might be effetually reftrained ; 
for, Reaumur’s porcelain has the double advantage of being 
refratory, and of not cracking by change of temperature. I 
found, however, that in the a& of: confolidation, the:pounded. 
bottle-glafs fhrunk,.fo as to leave an opening between its mafs 
and the tube, through which the borax, and, along with it, the 
carbonic acid, was found. to efcape. But the obje& in view was’ 
obtained by means of a mixture. of pounded bottle-glafs, and 
pounded flint, in equal parts. This compound ftill agglutinates, 
not indeed into a mafs.fo hard as Reaumur’s porcelain, but fuf- 
ficiently fo for the purpofe ; and this being done without any 
fenfible contraction, an effectual barrier was oppofed to the bo- 
rax ; (this arrangement is fhewn in fig. 11.) ; and thus the me- 
thod of clofing the tubes was rendered fo complete, as feldom 
to fail in Braftice {.. A ftill further refinement upon this me- 


temperature, a mals of the gat of equal bulk would 
% fame change; but it-would occupy an hour. 


“+A fabftance equally efficacious i in reftsaining the penetrating BORE, of borax, 
was difcovered by another accident. It confifts of a mixture of borax and com- 
mon fand, by whicha fubftance is formed, which, i in heat, affumes the ftate of a 
very: tough patte, and becomes hard and compaét on cooling. 
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thod. was Sound tobe, of advantages : A fecond feries of 
like that already deferibed, was introduced towardsthe muzdle, . 


(as fhewn in fig. 12). During the firft period of the experi+ 
ment, this laft-mentioned feries was.expofed to heat, with all 
the outward: half of the tube (@.4) this means, -folid 


mafs.was produeed, which remained cold:and firm during the 


fubféquent acion: of heat upon the carbonate: 

found, that notwithftanding all the: above-mention« 
ed. precautions, the carbonic acid made its efcape, and that-it 
pervaded: the fubftance of the Wedgwood tubes, where no flaw 


-eould be, traced.» It occurred'to:me, that this might-be 


remedied, ‘borax, vits thinvand penetrating 'flate of 


applied tothe: infidelof the tube ; and that the pores of the 
| porcelain: might thus:be clofed, as thofe of leather are clofed 


by oil, in an air-pump. In this view, L rammed the.carbonate 
into a {mall tube, and fiirrounded it with pounded'glafof borax, 


which, as, foon.aé the heat was applied; ‘{pread on the 


the large tube, and effectually clofed its In this: man: 
ner, many: good. experiments were madeiwith barrels:lying ho-. 
xizontally in common: muffies, (the arrangement juft deferibed’ 


thus enabled to carry on: experiments “with this. 
porcelain; to: the utmoft. that its ftrength would: ‘bear... But E 


was not: fatisfied with the foree: fo- exerted’; ‘ and; hoping. to. 

ebtain: tubes of a fuperior quality, I fpent much: time in expe- 
-ximents -with. various’ porcelain compofitions. En’ this; I fo. 
far fucceeded; as to. produce: tubes! by which the carbonic acid. 


was in a great meafure retained. without any internal glaze. 


The beft material I found for this purpofe, was the pure por-. 
celain-clay ‘of Cornwall, or a. compofition i in the proportion of 
two of this clay to. one of what. the: potters call Corni/b-/one, 


which'I’believe to be a granite in. a ftate of decompofition, 


Thele tubes were feven or, eight, inches. long, with a. bore. 
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tapering’ from inch to’o.6,:. ‘Their thicknefs was about!o.3: 

of, a wafer. to 


and not ‘horizontally,.as'béfore: By’ obferving the 


thin ftate‘ of borax ‘whilft in fufion,’’1. was convinced, that 


ought to be treated as a complete'liquid,-which being fupport- 
ed in the courfe of the experiment from below, would feoure 
perfed tightnefs, and.obviate the failure which often happen- 


ed in:the- ‘pofition; the of ne to 


the lower fide; >». 


‘Iw: this view, (ie. 16.), I filled in manner. 


deéforibed’ above, and introduced’ into. the muzzle fome: bo- 


(C) fupported at the’ middle ‘of the tube by a.quantity 
of filex mixed with’ bottle-glafs (B). placed the tube, fo. 
prepared, with its breech’ plunged’ into a ‘crucible filled with. 
fand. (E), and. its. muzzle ‘pointing upwards. It was now my 
object to ‘apply heat to the muzzle-half, whilft: the other 


mained cold, In that view, I conftructed a furnace (fig. r4. 


and: 5.), having’ placed: vertically (cd), furround-. 
ed ‘on’ all’ fides with fire (¢¢), and’ open both. above (at‘c),. 
and below (at The crucible juft mentioned, with its. 
tube, being: then placed on a fupport directly below the ver-. 
~ tical’ muffle, (as reprefented in fig. 14. at.F), it:was raifed, fo . 


that ‘the half'of the tube next ‘the muzzle was introduced into 


the fire. In: confequence of this, the borax was feen from. 
above to melt, and run down ‘in the tube, the air contained in 


the powder ‘efcaping in the form of bubbles, till at laft the 


borax ftood' with a:clear and-fteady furface like that of wa-- 
ter.’ Some of this falt being thrown in-from above, by means of 


a tube of glafs, the liquid furface was raifed nearly.to the muz-~ 


ale, and, after all had been allowed to-become cold, the po- 
fition of the tube was reverfed ; the muzzle-being now plun-. 
| ged’ 
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3 ged into, the fand, (as in fig. 17.), and the breech introduced 


into the muffle. In feveral experiments, I found. it anfwer 
well, to occupy great part of the fpace next the muzzle, with 
a rod of fand and clay previoufly baked, (fig..19. KK), which 


was either irtroduced at firft, along with the pounded borax, 


or, being made red hot,:was plunged imto it when in a liquid 
ftate. In many cafes I aflifted the compacinefs of the tube by 
means of an internal glaze of borax; the carbonate being pla- 
ced in a {mall tube, (as fhewn in fig. 18.) 


devices anfwered the end propofed. 


of the tube next the muzzle was found completely filled with 


_ a mafs, having a concave termination at both ends, (f and g 


figs. 17. 18, 19:), thewing that it had ftood as a liquid in the 
two oppofite pofitions in which heat. had been applied to it. 
So great a degree of tightnefs indeed was obtained in this 
way, that I found myfelf fubjected to an unforefeen fource of | 
failure. A number of the tubes failed, not by explofion, but 
by the formation of a minute longitudinal fiffure at the breech, 
through which the borax and carbonic acid efcaped. I faw 
that this arofe from the expanfion of the borax when in a li- 
quid ftate, as happened with the fufible metal in the experi- 
ments with iron-barrels ; for, the crevice here formed, indi- 
cated the exertion of fome force a@ing very powerfully, and 
to a very fmall diftance. Accordingly, this fource of failure 


was remedied by the introduction of a very fmall air-tube. | 
This, however, was ufed only in a few experiments. 


In the courfe of the years 1801, 1802, and 1803, I sade 2. 
number of experiments, by the various methods above defcrib- 
ed, amounting, together with thofe made in gun-barrels, to - 
one hundred and fifty-fix. In an operation fo new, and in 
which the apparatus was ftrained to the utmoft. of its power, 
conftant fuccefs could not be expected, and in faét many expe- 
riments failed, wholly or partially. The refults, Aowever, upon 
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the whole, were fatisfactory, fince they feemed to eftablith fome 
of the effential points of this ihquity. 


. THESE €xperiments prove, that, by 


the: carbonate of lime can be made’ to undergo fttong heat, 
without calcination, and to retain almoft the whole of its car- 
bonic acid; which, in an open fite, at. the fame temperature, 
’ would have been entirely driven off : and that, in thefe circum- 
ftances, heat produces fome of the identical effects afcribed | to. 
in the Huttonian Theory. 


By this jomt ation of heat and. preflure, the carbonate of 


lime which had been introduced’ in the ftate of the fineft 
_ powder, is agglutinated into a firm mais, poffefling a degree of 
_ hardnefs, compadinefs, and fpecific gravity *, nearly approach- 
ing to thefe qualities in a found limeftone; and fome of the 
refults, by their faline fracture, by their femitranfparency, and 
their fufceptibility of polith, deferve the name of marble. 
‘Tue fame trials have been made with all calcareous fub- 
: Rabin ; with chalk, common limeftone, marble, fpar, and 
the fhells of fith. © All have. fhewn the fame general. property, 
with fome varieties as to temperature. Thus, I found, that, 
in the fame circumftances, chalk was more fufceptible of ag- 
glutination than fpar; the latter requiring a. heat two degrees 


higher than the to. it. to. the fame pitch of ag-. 


glutination.. 


Tue chalk ufed. in my: experiments, always the: 


shenaies of a yellow marble,.owing probably to fome flight 


contamination.of iron. When a folid piece of: chalk, whofe 
bulk had been previoufly. meafured in.the gage of Wedgwood’s | 
pyrometer was fubmitted. to heat under compreffion, its con- 
traction was remarkable, proving the approach of the particles. 
during their confolidation ; on thefe oc¢cafions, it was found: 


See Appendix. 
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times more’ than the pyrometer-pieces in’ thé 
fame temperature. [t loft, too, almoft ‘entirely; its power of ime 
bibing water, and acquired a great additional {pecific gravity. | 
-On feveral dccafions, I obferved; that mafles of chalk, which, © 
‘before the experiment, had fhewn one uniform charaéter ‘of 
whitenefs, affumed' a ftratified‘appearance, indicated ‘by‘a feries 
of parallel layets of a' brown colour. This circumftance may 
hereafter throw light on the extraor- 
-dinary fubftance. 

T-wave faid, that, by dhe 
whole of the carbonic acid was retained. And, in truth, at 
this period, fome lofs.of weight had: been experienced in all — 
the experiments, both with iron and porcelain. But even this 
.circumftance-is *valuable,' by the: ‘of the 
carbonic acid, as varied by its quantity. 

Wuen the lofs exceeded 10 or 15 per cent *, of rhe weight 
_of the carbonate, the -refult was always of a friable texture, 
atid without any {tony character; whem lefs’ than’2 ‘or 3 per 
cent, it was confidered as good, and poffeffed the properties 

of 4 natural carbonate. the’ intermédiate cafes, when 
the lofs amounted; for inftance, to 6 or 8 per cent, the 
fult was fometimes excellent at firft, the fubftance bearing 
every appeararice of foundnef&, and often poffefling a high cha- 
rater of cryftallization ; but it was unable to refift the ac- 
tion of the air; and, by attracting ‘carbonic: acid or moifture, 
or both, crumbled to’ duft ‘more or lefs rapidly, according to. 
circumftances. This feems-to prove, that the carbonate of 
lime, though not fully faturated with ‘carbonic acid, may poft 
the ‘limeftone ; “and | a difference of 


| 


* I have found, that, in open fire, the entire lofs fuftained by the carbonate va- 
ries in different kinds from 42 to 45.5 per cent. 
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this! kind ‘may exif? among” ‘natural carbonates, ‘give. to 


their different degrees of durability. 


wAve obfervedy in’ many ‘cafes, that. the. 
reactied only to a certain depth into the-mafs ; the internal 
part remaining in a ftate of ‘complete: carbonate, and, in. ge- 
neral, of a very fine quality:.: The partial calcination feems 

this to.take ‘place in two ‘different modes. By one, a fmall 

_ proportion ‘of ‘carbonic acid is taken from each particle of 
carbonate ; ‘by the other,’a portion : -of the carbonate is quite | 
calcined, while: the’ reft'is left entire. Perhaps one refult. is 
the effe@ of feeble calcining caufe, acting: during a long 
tint, ‘and the other ofa {trong caufe, adting for a fhort.time. 

Some ofthe -refults which feemed the moft: perfect: when 
firft produced, ‘have been fubjedt to decay, owing ta: partial 
calcination. It happened, in fome degree, to the beautiful 
fpecimen produced on the 3d of. a. freth 
fracture has reftored it! 

SPECIMEN, too, of marble, froin 
15th May 18or, was fo complete as to ‘deceive the workman 
employed'to polith ‘it, whodeclared, that, were the fubftance 
alittle whiter, the quarry from which:it.was ‘taken would be 
of great value, if it lay within reach of‘ a. ima 
few weeks after its formation, ' it fell to duft. » | 
NuMBERLESS fpecimens, however, have-been which 
refift ‘the air, ‘and “retain ‘their polith:as:well: as any marble. 
Some of them’ continue ina perfect flate,: though they have 
been kept without any precaution during four or five years. 
That fet, ‘in: particular, remain perfectly entire, which were 
fhewn laft ‘year ‘in ‘this Society, though. fome of: them: were 
made’ in’1’799, fome ‘in 1801 and «1802, and: though the: firft 


de 
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A curious. circumftance ‘occurred in. one of thefe experi- 
ments, which may hereafter lead:to important confequences. 
Some ruft of: iron had accidentally found its. way into, the 
tube: 10-grains of carbonate were ufed, and a heat of 28° -was 
applied. The tube had flaw; but. there was a certainty that 
the carbonic acid had:efcaped through, its pores... When bro- 
ken, the place of the carbonate was.found ‘occupied, partly 
by a black flaggy matter, ‘and partly by fphericles of warious — 
fizes, from that of )a fmall.pea downwards, of a -white fub- 
ftance, which: proved quioklime ; the, fphericles ‘being 
inter{perfed through :the flag, -as fpar and-agates, appear. in 
whinftone. The flag had certainly been. produced by a mix- 
ture of the iron with the fubftance of the tube 5 and the {phe- 
rical:form of the quicklime feems to thew, that the carbonate 
had been in fufion along with: the flag, and that they’ had 
feparated on:the efcape.of the carbenic acid... - 

TueE fubje& was carried thus far in’ £803, I thould 
probably have publithed: my ‘experiments, I not- been in- 
duced to profecute the inquiry by certain. indications, and 
accidentabrefults, of .a nature -tooitregular:and amcertain.to 

meet the public eye, but‘ which. convinced; me, that .it- was 
poffible to eftabhith, by experiment, the. truth, of all. that was 
hypothetically affumed in the Huttonian Theory. 

‘Tne principal objet was to accomplith. the entire 
fion the carbonate, -and to, obtain fpar.asithe refult-ofithat 

Iw was whikewifos to 
ail the carbonic acid of the carbonate; both on.account of thie 
fudt iofelf;'and on account ofits comfequences ; the-refultbe- 
ing vifibly everyiapproachitowards complete 
 turation. I therefore became anxious to inveftigiate the'caufe 

_ of the partial calcinations which had always.taken \place, to 

a 
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a a greater’ imall thefe experiments. The’c “que- 


Rion naturally fuggefts itfelf, What‘ has ‘become. of the car- 


bonic acid, feparated in thefe partial ‘calcinations from the 
earthy ‘bafis ? Has: it penetrated the veffel,and efcaped en- 
-tirely, or has’ i¢ been retained ‘within*it in! gafeous, but 
‘highly’ comprefled oocurred to: me, that’ this: 


 ftiow might be' eafily: refolved;' by: weighing the vetlel before | 


after the action of heat-upon the carbonate. 
Wit iren, a-conftant: and‘inappreciable fource: of: irregu- 
‘exiftedin the oxidation ‘of the’barrel.:| But with porce- 
lain the thing: was ; and put it in-pradtice in all my ex- 
periments. with this material ;which were made after the que- 


ftion had occurred to The'tube was weighed asfoonias its 


muzzle was clofed; and agains after the breech had been. €Xpo- 


fed to the fire ; taking care, in both cafes; to allow all to cooh 


In every cafe, I found fome lofs of weight, proving, that even 
in the beft experiments, the tubes were penetrated to:a certain 
degree. I next wifhed to try if any of the carbonic acid fepara- 
ted, remained within the tube in a gafeous form ; and in that 
- view, I wrapt the tube, which had juft been weighed, in a 
fheet of paper, and placed it, fo furrounded, on the fcale of 
- the balance. As foon as its weight was afcertained, I broke 
the tube by a fmart blow, and then replaced upon the fcale 
the paper containing all the fragments. In thofe experiments, 
in- which entire .calcination had taken place, the weight was 
found not to be changed, for all the carbonic acid had aat 
-efcaped during the action of heat. But in the good refults, I 
always found that a lofs of weight was the confequence of break- 
ing the tube. 

THESE faéts prove, that both caufes of calcination had ope- 
rated in, the porcelain tubes ; that, in the cafes of fmall lofs, 
part of the carbonic acid:had efcaped through the veffel, and 
that part had. been: retained within it. - I had in view methods 
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by which the laft could be counteracted 5 but Iifawmo remedy 
for the firft.. I began, therefore, to of 

ANOTHER circumftance me. in opinion, I 
found i it impracticable to apply a heat above 27° to thefe tubes, 
when chargedasabove with carbonate, without deftroying them, 
either by explofion, by the formation of a minute:rent, or by” 
the actual {welling of the tube. Sometimes this Swelling took 
place to the amount of doubling the internal diameter, and 
yet the’ porcelain held ‘tight, the carbonate faftaining but a 
very {mall lofs. . This dudility~ of :the porcelain’ ina low 
‘ heat is a curious fact, and fhews what a range of. temperature — 
is embraced by the gradual tranfition.of fome fubfiances from 
a. folid-to a liquid ftate: For the. fame porcelain, which is 
thus fufceptible of being ftretched out, without. breaking: ina 
heat of 27°, ftands the heat of 1529, without injury; when. ex: 


may be'carried on, with great cafe and advantage in fuch tubes,:, I allude 
to the fituation of the geologifts.of France and Germany, who may. eafily procpre, 
from their own manufa@ories, tubes of a far fuperior to mae 
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in: refumed. Vertical Apparatus applied 
_ them.—Barrels bored i in. Jolid Ba rs. —Old Sable Iron.—Fufion of 
_,the Garbonate of Lime.—Its on Porcelain.—Additional appa- 
ratus ‘required: in confequence ‘of that aétion.—Good refults in par- 
ticular, four experiments, iMustrating the’ ‘theory of Internal 


tion, ‘and Be ‘efficacy the Carbonic’ asa 


re; 


I ‘found that, tubes, I could 
confine, the carbonic, acid entirely, nor expofe the carbonate 
 jn,them to,ftrong heats; 3 I at laft determined to lay them afide, 


and jiron,.with which I had formerly ob- 


tained, fome good pethaps, by acciden- 


the. rath.c F 1803,, 1 | began a. experi- 
ments with gun-barrels, sefyming my former method. of working 
with the fuhible metal, and with jead; but altering the pofition of 
the barrel from horizontal to vertical ; the breech being placed 
upwards during: the action of heat on the carbonate. This very 
fimple improyement has been: productive of advantages. no lefs 
remarkable,,than in,the, cafe of the tubes. of porcelain. In this 


new, pofition, the, included air, quitting the air-tube on the fu- 


fion of the metal, and, rifing to the breech, is. expofed to the 
eres heat of: the: furnace, and. anuft therefore react with its 
, t force 5 whereas, in the. horizontal. pofition, that air 


its “ela would be much feebler. The fame dination 
.me,to keep the, muzzle of the barrel. plunged, du- 

ng Be, adtion of heat, in a veflel, filled with water ; which 
contributed 
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contributed very much both to the ‘convenience anes fafery 
of thefe. experiments. 

In this view, making ufe of hn brick- furnace with the 
vertical muffle, already defcribed in page 93. I ordered a pit — 
(aaa, fig. 20.) to be excavated under it, for the purpofe of 
receiving a water-veflel. This veffel (reprefented feparately, 
fig. 21.) was made of caft iron; it was three inches in‘ diame- 

_ ter, and three feet deep; and had a pipe (d ¢) ftriking off from 
it at right angles, four or five inches below its rim, communi- 
cating with a.cup (¢ f ). at the. diftance. ef about two feet. ; 
The main veflel being placed in the pit (aa) dire@tly below the : 
vertical muffle, and the cup ftanding clear of the furnace, wa- 
ter poured into the cup flowed into the veffel, and could’ thus 
conveniently be made to ftand at any level. . (The ‘whole:ar- 
rangement is reprefented in fig. zo.) The muzzle of the barrel — 
(g) being plunged into the water, and its breech (4) reaching 
up into the muffle, as far as was found convenient, its’pofition 
was fecured by an iron chain (gf). The~heat’communit 
cated downwards generally kept ‘the’ farface of: the water 
(at c) in a ftate of ebullition the wafte thus occafioned being 
fupplied by means of the cup, into whith, if neceffary, 
{tant ftream could be made to flow. ~~ 

As formerly, I rammed the carbonate into a 
lain, and placed it in a cradle of iron, along with an air-tube 
and a pyrometer; the cradle being fixed: to a rod of* iron, 
which rod I now judged proper to make as large as the barrel 
would admit, in order to excludé as much of the fufible me: _ 
tal as poflible ; for the expanfion of the liquid metal being’ in ~ 
proportion to the quantity heated, the more that ‘quantity 
could be reduced, the lefs there’ was of the 
barrels. | 
In the courfe of practice, a fimple mode 
ving the metal and withdrawing the cradle : it confifted‘in pla- 


cing 
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cing the barrel with its muzzle downwards, fo as to keep the 
breech above the furnace and cold, while ‘its’mazzle° was. 
expofed to ftrong heat in ‘the muffle. In this manner, the 
metal was difcharged from the muzzle, and the pofition of 
_ the’ barrel being lowered. by ‘degrees, the whole metal was 
rethoved in fucceffion, till at ‘laft'the cradle and its contents 
became’ entirely loofe. ‘As ‘the metal ‘was’ delivered, it was- 
received in a crucible, filled with’ water, ftanding’ on a 
plate of iron placed’ over ‘the pit, which had -been ufed, 
doring the firft ftage of the experiment, to contain the water- 
veflel. It was found to be ‘of fervice; efpecially where lead 
was ufed, to give much more heat’ to the muzzle than fimply. _ 
what was required to liquefy the metal it contained ; for when. 
this was not ‘done, the muzzle growing cold -as the breech 
was heating, forne' of ‘the metal delivered from ‘the was 
congealed at ‘thé thuzzle, fo as to ftop’the 'paflage. 

method, ‘marty experiments “were made 
in gun-barrels, ‘by which fome ‘material were 
in the ittveftigation, © 

chalk ;’ the fpar being placed hearelt to the breeeh of the bar-. 
rél, ‘and ‘éxpofed ‘to'the’ préateft heat, fome ‘baked ‘clay inter- 
vening” between ‘the ‘carbonates. On’ Gpening: the ‘barrel; a 
Jong-eontinued heard. “The °fpar ‘was 
ftate entire calcination ; the chalk, though? ¢rimibling’ at 
the ourfide, was uncommonly’ hard and fitm 

‘Ln this eXperiintnt, we have'the ‘Rett’ in | 
barrels, of what I'tall ‘Interna? Caltination ; that is to fay; whiere- 
Carbonic feparated from the’ bafis, ‘has-been 
cavities ‘within the barrel.’ For, 
the ation of ftrong heit;the barrel had been-completely cooled; 
the’ air itttroduced’ ‘by ‘tneans ‘of ‘the ‘air-tube, muft: 

have 
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have woliiaih its original bulk, and by itfelf ais haye no 
tendency to rufh out ; the heat employed.to open the barrel : 
being barely fufficient to foften the metal. Since, then, the 
opening of the barrel was accompanied by the difcharge of ela- 
{tic matter in great abundance, it is evident, that this mutt | haye ye 
proceeded from, fomething fuperadded. to. the air originally in- 
cluded, which could be nothing but the carbonic acid of the 
carbonate. It follows, that the calcination had. been, i in - part 
at leaft, internal ; the feparation of the acid from the earthy 


matter being complete where. the, heat ‘was. ftrongeft, and only | 


partial where the intenfity, was lefs. 
Tuer chemical principles ftated in a. former. part, this 


| paper, authorifed us to expect.a refult . of. this kind. As 


heat, by increafing the volatility of. the acid, tended_ to 
feparate it from the earth, we. had reafon. to. expect, that, | 
under the fame compreffion, but in. different temperatures, 
one portion of. the carbonate might. be, calcined, and_ ano- 
ther not; And that the leaft heated of the two, would, be leaft 
expofed to a change not only from want of heat, but like-— 
wife in confequence of the calcination. of the. other mais ; 


_ for the carbonic acid difengaged by the. calcination of the hot- 


teft of the two, muft have added to the elafticity of the confined 
elaftic fluid, fo as to produce an increafe of compreffion. By 
this means, the calcination of the coldeft of the two might be 
altogether prevented, and that of the hotteft might be hindered 
from making any further advancement. This reafoning feemed 
to explain the partial calcinations which had frequently occur- 
xed where there was no proof of. leakage ; ; and it opened fome 
new practical views in thefe experiments, of which I availed 


myfelf without lofs of time. Ifthe internal. calcination of one 


rt of an inclofed mafs, promotes the compreffion. of other 
males included along with it, I conceived that we might. for-> 
ward our views very much by placing a fmall quantity of carbo- 
mate, 
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nate, carefully weighed, in the fame barrel with a large quanti- 


ty of that fubftance; and by arranging matters fo that the fmall 


fiducial part fhould undergo a moderate heat, while a ftronger 
_ heat, capable of producing” internal, calcination, fhould be ap- 
plied to the reft of the carbonate. In this manner, I made 
many experiments, and-obtained refults which feemed to con- 
firm this reafoning, and which were often very fatisfactory, 
though the heat did not always exert its a force where i 
intended i it to.do fo, 

On the 28th of February, introduced fone ac- 
curately weighed, into a fmall porcelain tube, placed within a 
larger one, the reft of the large tube being filled with pounded 
chalk ; thefe carbonates, together with fome pieces of chalk, _ 
placed along with the large tube in the cradle, weighing in 
all 195-7 grains. On opening the barrel, air rufhed out with 
a long-continued hifling noife. The contents of the little tube - 
were loft by the intrufion of fome borax which had been in- 
troduced over the filex, in order to exclude the fufible metal. 
- But the reft of the carbonate, contained in the large tube, came 
out in a fine ftate, being porous and frothy throughout ; f{park- 
ling every where with facettes, t'e angular form of which 
was diftinguifhable in fome of the cavities by help of a 
lens: in fome parts the fubftance exhibited the rounding of 
fufion ; in many it was in a high degree tranfparent. It was 
yellow towards the lower end, and at the other almoft colour- 
lefs. At the upper end, the carbonate feemed to have united | 
with the tube, and at the places of conta¢t to have fpread up- 
on it; the union having the appearance of a mutual action. 
The ginersl mafs of carbonate effervefced in acid violently, 
but the thin ftratum immediately to the 
bly, if at all. 

On the: 3d of March, I introduced into a very ‘abi tube of 
porcelain 36.8 of chalk. The tube was placed in the upper 

VoL. VI.—P. I. part 
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part of the cradle, the remaining {pace being filled with two 
pieces of chalk, cut for the purpofe; the uppermoft of thefe 
_ being excavated, fo as to anfwer the purpofe of an air-tube: 
_ The pieces thus added, were computed to weigh about 300 
grains. There was no pyrometer ufed ; but the heat was guefled 
to be about 30°. After the barrel had ftood during-a few minutes 
in its delivering pofition, the whole lead, with the rod and 
cradle, were thrown out with a fmart report, and with con- 
fiderable force. The lowermoft piece of chalk had fcarcely 
been-acted upon by heat. The upper part of the other piece‘was — 
in a ftate of marble, with fome remarkable facettes. The car- 
bonate, in the little tube, had fhrunk very much during the 
firft action of heat, and had begun to fink upon itfelf, by a fur- 
ther advancement towards liquefaction. The mafs was divi- 
ded into feveral cylinders, lying confufedly upon each other ; 
this divifion arifing from the manner m which the. pounded 
chalk was rammed into the tube im fucceflive portions. In 
feveral places, particularly at the top, the carbonate was very 
porous, and full of decided air-holes, which could nor have 
been formed but in a foft fubftance; the globular form and 


 fhining furface of all thefe cavities, clearly indicating fu- 


fion. The fubftance was femitranfparent ; in fome places yel- 
low, and in fome colourlefs. When broken, the folid parts 
fhewed a faline fra¢ture, compofed of innumerable facettes. 
The carbonate adhered, from end to end, to the tube, and ‘in- 
corporated with it, fo as to render it impoflible to afcertain 
what lofs had been fuftained. In general, the lime of conta was - 
of a brown colour; yet there was no: room. for fufpecting the 
ptefence of any foreign matter, except, perhaps, from the iron- 
rod which was ufed in ramming down the chalk. , But, in fubfe- 
quent experiments, I have obferved the fame toile or black 
colour at the union of the carbonate with the porcelain tubes, 
where the powder had been purpofely rammed with a piece of - 
wood ; 
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wood ; fo that this colour, which has occurred in almoft every 
fimilar cafe, remains to be accounted for. .The carbonate ef- 
fervefced violently with acid ; the fubftance in conta& with the 
tube, doing fo, however, more feebly than in the heart, lea- 
ving a copious depofite of white fandy matter, which is doubr- 
lefs a:part of the tube, taken up by thei carbonate. in -fufion.>. 

_ Ow the 24th of March, I made a. fimilar. experimnent, 
-ftout gun-barrel, and took fome care, after the application of 
heat, to cool the barrel flowly, with a view to cryflallization. 
The whole mafs was found fine ftate; and untouched by 
the lead; ‘having a-femitranfparent and faline ftru@ure, with 
various facettes. In one part, I found the moft decided cry- 
 ftallization I had obtained, though of a fmall fize: owing to 
its tranfparency it was not eafily vifible, till the light was made 
to neflea from the cryftalline furface, which then produced 
a dazzle, very Obfervable by the naked eye: when examined by 
means ofialens, it-;was feen'to be compofed of feveral plates, bro- 
ken irregularly inthe fracture of the {pecimen, all of which are 
parallel to each other, and reflec under the fame.angle, fo.as to 
unite: producing. the dazzle: This ftru@ture was obfervable. 
equally: well in.both parts of the ‘broken {pecimen. ‘Twa for- 
meriexperiment, as large a: facette was obtaine 
folid:chalk ; but this-refult was of more confoquence, as | 
been produced from. chalk previoufly pounded. 

Tua foregoing experiments. proved: the of 
iron veffels thofe-of porcelain, !even where the. thicknefs 
was not great; and I perfevered in making a great many experi- 
ments: with gun-barrels, by which I occafionally obtained very 
refults but wasvat laft convinced, that their thicknefs 
owas not regular «and fteady fuccefs >. ‘For 

this purpofe,. it appearedproper to employ veffels .of 'fuch 
ftrength, as to bear a greater expanfive force than was juft ne- 


fince, to: our ignorance the:re- 
lation 
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lation between the various forces of expanfion, affinity, tena 
city, &c.), much more ftrain has been given to the veffels than 
was requifite. In fuch cafes, barrels have been deftroyed, 
which, as the refults have’ proved, had acted with fufficient — 
ftrength during the firft ftages of the experiments, though they 
had been unable to refift the fubfequent overftrain.. Thus, my 
fuccefs with gun-barrels, depended on the good fortune of ha- 
ving ufed a force no more than fufficient, to conftrain the car- 
bonic acid, and enable it to act as a flux on the lime. : 1 there- 
fore determined to have récourfe to iron barrels of much 
greater ftrength, and tried various modes of conftriction. © 
_ Tnap fome barrels executed by wrapping a thick plate of iron 
round a mandrel, as is practifed in the formation of gun-bar- 


rels ; and likewife by bringing the two flat fides together, fo as 


to unite them by welding. Thefe attempts, however, failed. 
I next thought of procuring bars of iron, and of having a cavi- 
ty bored out of the folid, fo as to form a barrel. In this man-_ 
ner I fucceeded well. The firft barrel I tried in this way was 
of fmall bore, only half an inch: Its performance was highly 
{atisfactory, and fuch as to convince me, that the mode now 
adopted was the beft of any that I had tried. Owing to the — 
f{mallnefs of the bore, a pyrometer:could not be ufed internal- 
_ ly, but was placed upon the breech of the barrel, as it ftood in _ 
the vertical muffle. In this pofition, it was evidently expofed 
to a much lefs heat than the fiducial part of the apparatus, 
which was always placed, as) be at the 
point of greateftheat. 

On the 4th of April, an experiment was in hie: way 
fome fpar ; the pyrometer on the breech giving 33°. The fpar 
came out clean, and free from any contamination, adhering to 
the infide of the porcelain tube: it was very much fhrunk, ftill re- 

taining a cylindrical form, though bent by partial adhefions. Its 
fartace bore fcarcely any remains of the impreffion taken by 


the 
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the powder, on ramming it into the tube: it had, to the naked 

eye, the roushnefs and femitranfparency of the pith of a ruth 
- ftripped of its outer fkin. By the lens, this fame furface was 
' feen to be glazed all over, though irregularly, fhewing here 
_ and there fome air-holes. In fracture, it was femitranfparent, 
more vitreous than cryftalline, though having a few facettes : 
the mafs, was feemingly formed of a congeries of parts, in them- 
felves quite tranfparent: and,at the thin edges, {mall pieces were | 
vifible of perfect tranfparency. Thefe muft have been produ- 
ced in the fire ; for the {par had been ground with water, and 
paffed through fieves, the fame with the fineft of thofe ufed at 
Etruria, as defcribed by Mr anemacees in his paper on the 
conftruction of his Pyrometer. 

the fame barrel I obtained many interefting 
giving as ftrong proofs of fufion as in. any former experiments ; 
with this remarkable difference, that, in thefe laft, the fub- 
- ftance was compact, with little or no trace of frothing. In 
the gun-barrels where fiifion .had taken place, there had al- 
ways been.a lofs of 4 or 5 per cent., connected, probably, with 
- the frothing. In thefe experiments, for a reafon foon to be — 

Mtated, the circumftance of weight could not be obferved ;_ but 

_ appearances ed me to. that here the lofs had 
fmall, if any.. 

On the 6th of I another experiment the 
| fqvene barrel, whofe thicknefs was now much reduced by fuc- 
-.ceflive {cales, produced by oxidation, and in which a {mall 
‘vent began to appear externally, which did not, however, pe- 
netrate to the bore. The heat rofe high, a pyrometer on the 
-breech of the barrel giving 37°. On removing the metals, 
the cradle was found to.be fixed, and was broken in the at- 
tempts made to withdraw it. The rent was much widened 
externally : but it was evident, that the barrel had not been 
laid iiahieaiaaes part of the carbonate was in a ftate of faline 


- 7 marble ; 


| 
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marble ; another was hard and white, without any faline grains, 
and fcarcely effervefced in acid. It was probably quicklime, 
formed by internal calcination, but in a ome that ae not oc- 
curred.in any other experiment. 

workman whom I employed to remains 
the cradle, had cut off a piece from: the: breech of the barrel, 
three or four inches in length. As I was examining the crack — 
which was feen in this piece, I was furprifed to fee the infide of 
the barrel lined with a fet of tranfparent and well-defined cry- 
ftals, of {mall fize, yet vifible by the naked eye. They lay to- 
gether in fome places, fo as'to cover the furface of the iron with 
a tranfparent coat ; in others they were detached, and {cattered 
over the furface. Unfortunately, the quantity of this fubftance 
was too-fmall to admit of much chemical examination; but I 
| immediately afcertained, that it did not imthe leaft effervefce _ 
in acid, nor did it feem: to diffolve in it. «The cryftals were. 
in general tranfparent «and colourlefs, though a: few. of them 
were tinged feemingly with iron. Their form was:very well 
defined, being flat, with oblique angles, and bearing:.a ftrong 
refemblance to the cryftals of the Lamellated ‘Stylbite of | 
Haiiy. Though made:above two years ago, they ftiil. retain | 
their form and. tran{fparency ‘unchanged. » Whatever ‘this 
fubftance- may be, its appearance, in this experiment, ‘isin 
the higheft. degree interefting, it feems to afford ‘an ‘ex- 
ample: of the mode. mwhich Dr: Hurrow fuppofes: many: in- 
ternal cavities to have been: lined, bythe fublimation of 'fab- 
ftances in-a ftate of vapour or, held in folution,’by matters in 
a gafeous form. ; For, as the cryftals adhered toa of ‘the 
barrel, which muft have’ been -oceupied by: air during the ac- 
tion of heat, it mext 

THE very: effects. this laft 

above 
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abivess an inch {quare, made me very anxious to obtain barrels 
of the fame fubftance, which being made of greater fize, ought | 
to afford refults of extreme mtereft. I found upon inquiry, 
_ that this barrel was not made of Swedith iron, as I at firft fup- 
pofed, but of what is known by the name of Old Sadie, Gites 
the figure of a Sable ftamped upon the bars; that. being the 
the place in. Siberia ‘this iron’ is 
made 
A WORKMAN explained to me: the of diffes 
rent kinds of irons, moft interefting in my prefent purfuit ; and 
he illuftrated what he faid by a@tual trial. All iron, when expo- 
fed to a certain heat, crufhes and crumbles under the hammer ; 
but the temperature in which this happens, varies with every 
different fpecies: ‘Thus, as he fhewed me, caft iron’crufhes 
im a dull-red heat, or perhaps about 15° of ‘Wepcwoop ; 
fteel, in a heat perhaps of 30°; Swedith iron, in a bright 
_ white heat, perhaps of 50° or 60°; old fable, itfelf, likewife | 
yields, but ima much higher heat, perhaps of 100%. I merely 
gueffed at thefe temperatures ; but I am certain of this, that ima 
heat fimilar to that in which Swedifh iron crumbled under the — 
hammer, the old fable withftood: a‘ftrong blow, and feemed to 
{fs confiderable firmnefs. It is- from a knowledge of this 
quality, that the blackfmith, when he firft takes his iron from 
the forge, and lays it’ on the anvil,’ begins by very gentle 
blows, till the temperature has funk to the degree in which the 
iron can bear the hammer: I obferved, as the flrong heat of 
the forge acted on the Swedifh iron, that it began to boil at the 
furface, clearly indicating the di{charge of feme gafeous mat- 
ter; whereas, the old fable, in the fame circumftances, acqui-— 
red the fhining furface of a liquid, and melted away without 
effervelcence. at this time, a confiderable 
| number 


* I was favoured with this account of it by the late Profeffor Rozison. 
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number of bars of that i iron, which — antwvered my eapee: | 
tations. 

By the experiments laft a very important point 
was gained in this inveftigation ; the complete fufibility of the. 
carbonate under preflure being thereby eftablifhed. But from > 
this very circumftance, a neceflity arofe of adding fome new: 
devices to thofe already defcribed: for the carbonate, in fu-. 
fion, fpreading itfelf on the infide of the tube. containing i it, 
and the two uniting firmly together, fo as. to be quite infe- 
parable, it was impoflible, after the experiment, to afcertain 

the weight of the carbonate by any method previoufly ufed. 
therefore determined in future to the following ar- 
rangement. 


A sMALL tube of porcelain. (ik, fig. 33. ) was eeiaheds by 


means ofa counterpoife of fand, or granulated tin ; then the car- 


bonate was firmly rammed into the tube, and the whole weighed 

again : thus the weight of the carbonate, previous | to the. ex- 
periment, was afcertained. After the experiment, the tube, 
with its contents, was again weighed; and. the variation of 
weight obtained, independently of any mutual action that had 
taken place between the tube and the carbonate. The balance 
which I ufed, turned, in a conftant and fteady manner, with 
one hundredth of a grain. When pounded chalk was rammed 
into this tube, I generally left part of it free, and in that 
. fpace laid a fmall piece of lump-chalk (i), dreffed to a cy- 

linder, with the ends cut flat and fmooth, and I ufually cut a 
~ letter on each end, the more effedually to obferve the effects 
produced by heat upon the chalk ; the weight of ‘this piece 
of chalk being always eftimated along with that of the powder 
contained in the tube. In fome experiments, I placed a cover 
of porcelain on the muzzle of the little tube, (this cover being 
weighed along with it), in order to provide againft the cafe of 
ebullition : 


\ 
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ebullition: But as that did not often occur, I took 


_ the trouble of this laft precaution. —_ 
Ir was now of confequence to protect the tube, thus prepa- 


red, from being touched during the experiment, by any fub- 


ftance, above all, by the carbonate of lime, which might adhere 
to it, and thus confound the appreciation by weight. This was 
provided for as follows : The fimall tube (Fig. 23. ¢£), with its 
pounded carbonate (#), and its cylinder of lump-chalk (?,), 
was dropt into a large tube of porcelain (p é, Fig. 24.). Upon 
this a fragment of porcelain (/), of fuch a fize as not to fall in 
between. the tubes, was laid.. Then a-cylinder of chalk (m) was 
dreffed, fo-as nearly to fit and, fill up the infide of the large tube, 
one end of it being rudely cut into the form of a cone. This mafs 
being then introduced, with its cylindrical end downwards, | 
was made to prefs upon the fragment of porcelain (/). I then 
dropped into the. {pace (#2), between the conical part of 
this mafs and the tube,.a fet of fragments of -chalk, of a fize 
beyond-what could poflibly fall between the cylindrical part 
and the tube, and prefled them. down with a blunt tool, by 
which the chalk being atthe fame time crufhed and rammed 
into the angle, was forced into a mafs of fome folidity, which 
effectually: prevented any thing from pafling between the large 
mafs of chalk and the tube... In pra@ice, I have found this 
method always to anfwer, when done with care. I covered 
the chalk, thus rammed, with aftratum of pounded flint (0), 
and that again with pounded chalk (/) firmly rammed. In 
this manner, I filled the whole of the large tube with alternate 
layers of filex: and chalk; the muzzle being always occu- 
pied with chalk, which was.eafily prefled into a mafs of to- 
lerable firmnefs, and, fuffering no change in very low heats, 
excluded the fufible metal, in the firft fiages of the experiment. 
Tue large tube, thus filled, was placed in the cradle, fome- 
times with the muzzle upwards, and fometimes the reverfe. I 
Vou. VI.—P. I. P have 
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have frequently altered my views as to that part of the at- 
rangement, each mode poffefling peculiar advantages and dif- 
advantages. With the muzzle upwards, (as fhewn in fig..24.:and 
25.) the beft fecurity is afforded againft the intrufion of the fafi- 
ble metal ; becaufe the air, quitting the air-tube in the working 


pofition, occupies the upper part of the barrel; and'the:fufible 


metal ftands as a liquid (at ¢, fig. 25.) below:themuzzle of the — 
tube, fo that all communication is cut off, between the liquid me- — 
tal and the infide of the tube. On the other hand; by this arrange- 


ment, the fmall tube, which is the fiducial part of the appara- 


tus, is placed at a confiderable diftance from the breech of the 
barrel, fo as either: to undergo lefs ‘heat than the upper ‘part, 


to render it the be into the 


tube is placed (as thewn im fig.(22.),)f9 as ftill to haye its 


muzzle upwards, and’ in‘ contaé swith the breech of the large 


tube. This has the advantage of placing the fmall tube near 
to the breech of the barrel: and’ though: there is: here lefs fe- 
curity againft the intrufion of liquid’ metal, I have found: that 
a point of little confequence’s :fince, when’ the experiment is 
a good one, and that the carbonic acid has’ been well con- 
fined, the intrufion feldom takes ‘place in any pofition. 
whichever of the two oppofite pofitions the large tube was 
placed, a pyrometer was always introduced, fo as to lie as’ near 
as poflible to the’ fmall tube. Thus; inthe ‘firft-mentioned 


pofition, the pyrometer was placed immediately ‘below the © 
large tube, and, in the other pofition, above ‘it ; fo that, in both 
cafes, it was feparated from’ varbouste, by the: 
only of the two tubes. 


Mucu room was ‘bit this 
which me to ule quantities of ‘car- 
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bonate, the fubject of experiinent. — ‘weighing more than 
12 grains; and 'in others far lefs*.- 

of April’ 1803, with a. of old fable. 
iron having: a bore of 0.75 of an inch, I made an experi-, 
ment in which all thefe arrangements were) putin. prac-: 
tice: The large tube contained two’ me ones 5. one. filled. 
with fpar,’ and the other ‘with chalk. “I conceived: that 
the heat had rifen to 33°, or fomewhat Saatner, ‘On melting 
the metals, the cradle was thrown out’ with confiderable 
violence. The: pyrometer, which, this! experiment, had 
been placed , within the barrel; to\-my aftonithment, indi- 
cated 64°. Yet all was found.-. The-two little tubes came 
out quite clean and “uncontaminated. The {par had. 
17.0 per cent,: The chalk.10.7 per cent.: The {par was 
half fink :down, and) run againft the fide of the. little 
tube: -Its furface was fhining, its’ texture fpongy, and i it was. 
compofed of a tranfparent and jelly-like fubftance: The chalk 
was entirely in a ftate of froth. This experiment extends our — 
power of action, by fhewing, that.compreffion, to a: confider- a 
able: degree, can’ be carried on in fo-gteat a-heat.as 64°... It: 
feems likewife to prove, that, in fome of the)late experiments 
with the {quare barrel, the. heat had been much higher than 
was fuppofed at the time, from the indication of the pyrometer 
placed.on the breech, of the barrel and that. in fome of them, 
particularly in the laft, it muft have at as 

as a fine and equal fand. By comparing the weight of | this tin with an equal 
bulk of water, I found thata cubic inch of it weighed 13 30.6 grains, and ‘that ’ 
each grain of it correfponded to 0,0007 5 of a cubie inch.’ From thefe data I was 
| — with tolerable accuracy, to gage a tube by weighing the tin required to fill 


“+ 


we EFFECTS of HEAT 


the2 rf of ‘April 1805, a fimilar: madewith 
a new barrel, bored in a fquare bar of old fable, of about: two. 
and a half inch in diameter, having its angles merely rounded ; 
the inner tube being filled with chalk. The heat was. main- 
tained during féeveral hours, and the furnace allowed ‘to burn | 
out during the night. The barrel had the appeararice of found- — 
nefs, but the metals came ‘off quietly, and the carbonate was 
entirely calcined, the: pyrometer indicating 63°. On examina- 
tion, and after beating off the fmooth and even fcale of oxide 
peculiar to the old fable, the barrel was found,to have yielded 
in its peculiar manner ; that is, by the opening of the longi- 
tudinal fibres. This experiment, notwithftanding the failure of _ 
the barrel, was one of the moft interefting I had made, fince — 
it afforded proof of complete fufion. The carbonate had boil- 
ed over the lips of the little tube, ftanding, as juft deferibed, 
_ with its mouth upwards, and had run down to within half .an 
inch of its lower end: moft of the fubftance was: in a frothy 
ftate, with large. round cavities, and a fhining furface; in 
other parts, it was interfperfed with angular mafles, which 
_ have evidently been furrounded by a liquid in which: they, 
floated, It was harder, I thought, than marble ; giving no 
effervefcence, and not turning red like quicklime in nitric 
acid, which feemed to have no effect upon it in the lump. It 
was probably a of with of 

the fame barrel with like. it, 
many fimilar experiments were made at this time with great 
fuccefs ; but to mention them in detail, would amount near- 
ly to a repetition of what has been faid. I fhall take notice 
of only four of them, which, when compared together, throw 
much light on the theory of thefe operations, and likewife 
feem to eftablith a very important principle in geology. Thefe 

four 
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four experiments: differ from .each: other in the heat em- 
ployed, and: in'the quantity of air introduced. . 

Tue firft-of thefe experiments was made on of. A- 
pril 1803, in one of the large barrels of old fable, with all the 
above-mentioned arrangements. The heat had rifen, contrary 
to my intention, to: 78°:and 79°. The tubes came. out un- 
contaminated with fufible metal, and every thing bore:the ap- 
pearance of foundnefs. The contents of the. little tube, con- 
- fifting of pounded chalk, and of a fmall piece of lump-chalk, 
came out clean, and quite: loofe, not having adhered to the 
infide of the tube in the {malleft degree... There was a lofs of © 
41 per cent., and the. calcination feemed to be complete ; the 
fubftance,, when thrown into nitric acid, turning red, without 
effervefcence at firft, though, after lying a few minutes, fome 
bubbles appeared. According to the method followed in all 
thefe experiments, and lately defcribed at length, (and thewn 
in fig. 24..&.25-), the large tube was filled over the fmall one, — 
with vatious mafles of chalk, fome in lump, and fome rammed. . 
- inte.it in powder; and in the cradle there lay fome pieces of 
chalk, filling up the fpace, fo that in the cradle there was a 

continued chain of carbonate of four or five inches in length. 
The fubftance was found to be lefs and lefs calcined, the more — 
it was removed from the breech of the barrel, where the heat 
was greateft.. A {mall piece of chalk, placed at the diftance 
of half an inch from the fmall tube, had fome faline fubftance - 
in the heart, furrounded and intermixed with quicklime, dif- 

tinguifhed by its dull white. In nitric acid, this fubftance be- 
came red, but. effervefced: pretty brifkly the effervefcence 
continuing ‘till the whole was diffolved. The next portion 
of chalk, was in a firm ftate of-limeftong: and a lump of 
chalk inthe cradle, was»equal in perfection to any marble 
I have obtained by compreffion: the two laft-mentioned pieces 
of — effervefcing with violence in the acid, and fhewing 
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no rednefs when thrown into it. Thefé fa@s clearly prove, 
that the calcination of the contents of the fmall'tube had been 
internal, owing to the violent heat which ‘had feparated: its 
acid from the moft heated part of the carbonate, according 
to the theory already ftated. The foundnefs of the barrel was 
proved by the complete ftate of thofe ‘carbonates which lay 
in lefs heated parts. The air-tube in this — had a 
capacity of 0.29, nearly one-third of a cubic inch. 9 st 
‘Tue fecond of thefe experiments was made on’ he! 29th of 
April, in the fame barrel with the laft, after it» had! afford- 
ed fome good refults... The air-tube: was: reduced to ‘one- 
third of its former: bulk,:that‘is, to one-tenth of a cubic inch. 
The heat rofe to 60°. The barrel was covered externally 
with a black fpongy fubftance,:the conftant indication of fai- 
lure, and. a fmall-drop of white: appearance: 
The cradle was removed without ‘any explofion. or hiffing. 
The carbonates were entirely calcined. .: The barrel had yield- 
ed, but had refifted well at firft;:for, the contents of ‘the little 
tube were: found ina ftate of froth; ‘Tunning 
with the, porcelain. or qirgaile Aled> 
“Tue third experiment was on zoth: of April; in 
another fimilar barrel.) Every circumftance was the! fame 
in the two daft experiments, only that the air-tube was now: 
reduced:to half its laft bulk, that is, to one-twentieth of a cu- 
bicinch.: pyrometer was placed at each’end of the: large 
tube... The, uppermoft gave 41°, thé: other: The 
contents of the!inner tube had dott 16 per cent, and ‘were: redu- 
ced to a moft beautiful: tate: of froth, not very:much injured 
by: the: internal, icalcination) and: to thinner ftate of 
fufion than had: appeateds:i! Slade to 
‘Tue fourth experiment was made.on the 2d of May; like 
the reft in all refpects with: a ftill fmaller air-tube, of: 0. 0318, 
being lefs than one-thirticth of cubic The upper py- 
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rometer gave 25°, and the under one. The loweft smafles 
of carbonate ‘were fcarcely affected by the heat : contents 
of the. little: tube had: loft: 2.9 per cent. ; both the lumpand the 
pounded chalk were in.a/fine faline ftate, and; in feveral places 
had run and {pread upon the infide of the tube, which I:had 
‘not expected to fee in fuch a low heat. On the upper furface 
of the chalk rammed into the little tube, which, after its in- 
troduction had been wiped fmooth, were a fet of white cryf | 
tals, with fhining facettes, large enough to be diftinguifhed by 

_ the naked eye, and feeming to rife out of the mafs of car- 
‘bonate. I likewife. obferved, that the folid mafs on which 
thefe cryftals ftood, was uncommonly tranfparent. = 

__ Iw thefe four experiments, the bulk of the included air was. 

fucceflively diminifhed, and by that means its elafticity in- 
creafed) “The confequence was, that in the firft experiment, 
where thatelafticity was’ the ‘leaft, the: carbonic acid was 
allowed-to feparate: from ‘the ‘lime, ‘in an early ftage of the 
rifing heat, lower than the fufing point of the carbonate, and 
‘complete internal: ‘calcination was: effected. . In the‘ fecond 
experiment,’ the:elaftic force “being -muchy greater, caleina- 
tion was! ‘prevented, the heat rofe. fo high as to occa- 
fion the entire fufion of carbonate, ‘and: its: action)on 
the tube; -before’ the’ carbonic ‘acid. was: fet at liberty by 
the failure:of ‘the barrel. In the third experiment, with: {till 
“greater élaftic: force, ‘the: carbonate’ was. partly conftrained, 
‘and its fufionaccomplifhed, ina heat between 41°) and:15°. 
In the ‘laft ‘experiment, where the force was. ftrongeft of:all, 

the’ carbonate was! almoft: completely: protected from decom- 
pofition by: heat, sconfequence of :which it: cryftallized and 
onthe tube,inva temperature between 25° and 26°. 
‘the other hand; the»efficacy: of the carbonic acid as a 
fluxon the lime, and in. enabling the carbonate to act as a 
bans on other bodies, was clearly: evinced ; ape the firft ex- 
periment 


Of 


periment proved, that quicklime by itfelf, could neither be 
melted, nor act upon porcelain, even in the violent heat of 79° ; 
whereas, in the laft experiment where the carbonic acid was 


retained, both of took ina — 
fature. 


; Vv. 

Experiments i in which Water was employed to increafe the Elafticity, of 

the included Air.—Cafes of complete Compreffion.—General Obferva-— 
tions.—Some Experiments affording interefting refults ; 3 in. particular, 
Joewing a mutual aétion between Silex and the Carbonate oe Lime. 


that fach Som the of elafti 
city given to the included air in the. laft-mentioned, experi- 
ments, by the diminution of its quantity ; it now. occurred to | 
me, that a fuggeftion formerly made by Dr KennEpy, of ufing — 
‘water to aflift:the comprefling force, might be followed with 
advantage;, That while fufficient ‘room, was allowed. for the 
expanfion of the liquid, metal, a reacting force of any.requi- 
red amount, might thus be applied ‘to the carbonate. . In this 
view, I adopted the following mode, which, though attended 
with. confiderable difficulty in execution, I have often practi- 
fed: with fuccefs,.., The weight of water required to, be, intro- 
duced into | the barrel was. added to a fmall piece of chalk or 
__ baked clay, previoufly weighed. The piece was then dropped in- 
to atube of porcelain of about an inch in depth, and covered with 
‘pounded chalk, which was firmly rammed:-upon it. The tube 
was then placed the cradle: along swith the fubject of expe- 
riment, and the whole was plunged imto.the -fufible metal, 
‘previoufly poured into the barrel, and heated fo as merely 
to render it liquid. The metal being thus fuddenly -cooled, 


the 
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the tube was folid ma{s,/before the heat had 


-_reaghed the included moifture. .. The: difficulty was to catch 
the fufible metal iat the proper temperature; - for when it was 
fo: hot not: to fix inia)few feconds, by. the conta& of the 
cradle and its: contents, the water was heard to bubble. through 
theé'metal and efcape.: )Iovercame:this difficulty, however, 


by firft heating the breech: of - the barrel, (containing a fuffi- — 


cient quantity of fufible metal), almoft to rednefs, and then 


fetting it into a veffel full of water, till the temperature had funk | 


to: 'theproper pitch; which: I knew:to:be the: cafe when the 


hifling noife produced: in the water by the heated barrel cea- 


fed3:the cradle, during the laft ftage of this operation, being 
held iclofe to. and: — to be thruft 

the 2d of May, experiment i in way, 
ufing the fame ‘air‘tube:as in ‘thé laft experiment, -which 


equal in ceapacity-to one-thirtieth of a cubic inch. Half.a 
‘grain of »water was introdiced in the manner juft. defcribed. | 


‘The -barreb, after: :an ‘hour of. red-heat,; was let down: 
rope‘and: ‘pulley, which I took care.to ufe in ail,experiments, 

‘in which there was:any appearance of danger.’ All was found. 
‘The-metals:rufhed out fmartly, flafh of flame accompa- 
‘nied the difcharge. upper” pyrometer gave 24°, and the 
-lower ‘one?14%2-:'The ‘contents of the (inner tube had loft lefs 
-chan-1 percents; firstly 084. The:carbonate was in a ftate of 
-godd limeftone 3 -bit the: heathad been too feeble: The lower 
-part ofthe chalk in the little tube was not agglutinated The 
chalk round:the fragment:of pipe-ftalk (ufed to. introduce the 
owater); which had: been more heated than the pyrometer, and 


fimalbcrod;. which: had-moulded itfelf im: the/boll me 


the athof May, Imade an experiment like the laft,but with 
theaddition of 1.05 grains water. After application of heat, the 
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- fire was allowed to burn out till the barrel was black. The me- 
tal was difcharged irregularly. Towards the end, the’ inflam- 
mable air produced, burnt at the muzzle, with a lambent flame, 
during fome time, arifing doubtlefs from hydrogen gas, more 
or lefs pure, produced by the decompofition of the water.) The 
upper -pyrometer indicated 36°, and the lower one 19°%3::: The 
chalk which lay in the outer part of the:large tube was in 4 
ftate of marble: . The inner tube was united: to: the: outer 
one, by a ftar of fufed: matter, black:at the edges, and fpread- 
img alli round, furrounding one of the fragments of porcelain: 
which had fallen by accident in between the tubes... The in- 
ner tube, with the ftarry matter adhering to it; but without 
_ the coated fragment, feemed to have fuftained ‘a lofs:of 12 per 
cent., on the original carbonate introduced. But, the {fub- 
ftance: furrounding the fragment being, inappreciable, it was 
mpoffible to learn lofs had: been ‘really fuftained.: .Exa- 
mining the little tube, I found its:edges clean, no boiling:over 
having taken place. The top of the: fmall lump of chalk’ had 
funk much. When-the little tube was broken, its contents gave 
proof of fufion in fome parts, arid in others, of the neareft, ap- 
proach to it.. A ftrong action of ebullition had:taken place all 
round, at the contact of the tube ‘with the carbonate: in the 
heart,the fubftance had a tranfparent granular texture, with little 
or no cryftallization. {mall piece of lump-chalk was united 
and blended with the rammed powder, fo that they could {carce- 
ly be diftinguithed. In the lower part of the carbonate, where 
the heat’muft have been weaker, the rod had acted more feebly 
on the tube; and was detached from it : here the fubftance..was 
firm, and'was highly marked inthe fra@ure: with’ cryftalline 
facettes. Wherever the carbonate! touched the tube, the two 
fubftances exhibited, in their mixture, much greater: proofs of 
fafion than could be.found: in the-pure carbonate.;.At one 
— a ftream of this. — had ee a rent in 
the 
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the: inner tube, it shad filled ‘completely, conftitmting a 
‘real vein, like thofe of the mineral kingdom'; which:is ftill — 
diftin@ly to be feen in the fpecimen.: It had :then fpread it- 
felf upon the -outfide-of: the inner tube, to the extent of half 
an inch in diameter, and»had enveloped the fragment of por: — 
célain already mentioned.’ When: pieces!;of the compound 
were thrown into nitric acid, fome effervefced, and fome not.: 

I REPEATED this experiment on the fame day, with two. 
grains of water.:: The furnace being -previoully hot; conti- 
Soe one half-hour with ‘the’ muffle open, and 
another with a cover upon it. . let;the: barrel down by 
means of the pulley. The appearance of a large longitudinal 
rent, made me at firft conceive that the experiment was loft, 
and the barrel deftroyed: The barrel was vifibly fwelled, 
‘and in: fwelling “had burit the cruft of .fmooth oxide with 
which it. was':furrounded;: at the fame time, no exudation 
of metal: had happened, and all was found. The . metals 
were thrown out with more fuddennefs and violence than 
in| any former: experiment, but the rod’ remained in its place, 
being fecured. by a cord. |The upper pyrometer gave i27°, 
the lower 23°. The: contents of the. inner tube had loft 1.5 
per cent. ‘The upper end: of the little lamp of chalk, was 
rounded and glazed ‘by: fufion; and the letter which I have 
been in the habit of ‘cutting on thefe {mall ‘pieces, in or- 
der-to trace the degree of a@ion‘upon them, was thus quite 
obliterated. On the lower endiof. the fame lump, the letter 
4s ftill vifible. Both the lump and the rammed chalk were 
in a'good femitranfparent ftate, thining a little in the fracture, 
but with no. good: facettes,:and no where appearing to have 
a@ed,on the tube... This: laft ciccumftance :is of confequence, 
fince it feems. to thew, that this very remarkable adtion of 
heat, under compreflion,..was performed without the aflift- 
, Mone of the fubftance of the tube, by which, in many other 
| Q2 experiments, 
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experiments, a confiderable additional — com: 
municated to the carbonate. 

time, with the fame fuccefs, clearly prove the efficacy of wa- 
ter in affifting the compreffion ; and refults approaching tothefe 
in quality, obtained, in fome cafés, by means of a‘very {mallair- 
tube, fhew that the influence of water on vee bapsnneont has 

Durine the following fummer and autumn I was 
foon have occafion to mention. 

In the early part of laft year, again wie 
of experiments lately defcribed, having in view principally 
to accomplifh abfolute compreflion, in complete imitation of 

the natural procefs. In this purfuit, I did not confine myfelf 


to water, but made ufe of various other volatile: fabftances, 


in order to aflift compreflion ; namely, carbonaté éf ammo- 
nia; nitrate of ammonia, gunpowder, 


ted with nitre. With thefe 1 obtained fome good: refults; but 
none fuch as to induce me to prefer! any of thefecompreffors 


to water. Indeed, I am convinced, that water is fuperior ‘to | 
them all. I found, in feveral experiments, made with a fimple _ 
air-tube, without any artificial compreffor, in which a:very 

low red=heat had been applied, that the carbonate loft one‘or | 


one and a half per cent. ‘Now, as thismuft have happened. in 
a temperature {carcely capable of inflaming: gunpowder, it is 
clear, that fuch lofs would not have been prévented by its pre- 


fence: whereas water, beginning far below rednefs to’ affume 
a gafeous form, will effectually refift any calcination, in low | 


_as well as in high heats.” And as the quantity of ‘water can 


very eafily be regulated by weight, its = for is 
purpole feems lable to no 
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marble and chalk, with the addition of: grain: of awaters: 


aimed at.a low heat, and: the pyrometer, thougl:!a:little!bro- 
ken, feemed ‘clearly-to ‘indicate '22°.. Unluckily,the muzzle 


placed uppermoft, and:expofed to the ftrongeft: heat. I:found | 


it'rounded by fufion, and ima frothy ftate. ‘The littletube came 


out very clean, was fo nearly of ‘the fame'weight'as‘when 


put in, that its contents had loft but 0.074 per centuof the weiglit 
of the original carbonate:*The marble was but feebly: aggluti- 
nated, but the’chalk was in‘a ftate of firm limeftone,thongh it 
mutt have undergone a heat under 22°, or that of melting: fil- 
ver. This experiment is certainly a moft remarkable one, fince 

a-heat has been applied, in which the’ chalk has been chan- 
ged to hard limeftone,' with‘a lofs‘tefs‘than the: 1o000dth. par 


of its weight, (exadly 3 while, under the fame cireum-- 


ftances of preffure, though probably ‘with more heat, fome-of 
the fame fubftance had ‘been brought to fufions! lofs of 
-weight this‘fufed part fuftained; cannot -be-knowm): 0) 

the 4th of January,-a fimilar experiment’was ‘made; like- 
wife ‘with 1.1 grain of water.’ difcharge’ of the metal 
‘was accompanied with a flafh of flame. The “pyrometer in- 
dicated'26°. -The-little tube came out quite ‘clean. Its:con- 


-tents had been reduced from'14.53 to 14146, difference: 0.07, 
-gvains, ‘being’ 0.47: per cent. on’ the original -carbonate, lefs 
than one two-hundredth part of ‘the: original weight, (exa@ly 


‘no unufual qualities. ©: 219) 


ing, by ‘another fet: which I made foon‘after;which thewed, 
that one! effential: precaution in point’ of -nicety 
had ‘been ‘negle@ed, in not previoufly drying the carbonate. 


In feveral trials made in the latter end of the fame month, 


I 


the 2d-of January 1804, an: experiment with 
of the: tube, which was -clofed ias ufuak+with chalk, | 
| 
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found, that ;chalk expofed to- arheatabbveothat of boiling 
water, but quite fhort of: rednefs, Jott: 10634 per icents -drid: am 
another fimilar,trial, 0.46 per cent.i: Now, :this slofs weight 
equals: within 0.01..pér cent«the lofs in the ilaft-mentioned:ex- 
periment; that being 0.47);,,and dar fixpafles:that the: aft 
but.one, whichiwas: but 0.074. |): “Dhere lis good: reafon, ithere- 


‘fore, to believe, that had; the carbonate, inothefe two! ex- 


periments, been. previonfly, dried;; it: would: have. found 


during compreffion to haye undergone no: lofs. The] 


Tue, refult: of ‘many of the experiments. 
fully to explain the perplexing difcordance between my 
experiments ‘with porcelain tubes, and; thofe:made am barrels of 
iron. With the procelain. tubes, I never could fucceed ina 
heat above 28°, or even: quite up toit; . yet, the refults. were 
often: the jiton-bartels, haye currently 


ftood firm.in heats of. 41° or, 51°, and have reached. even ‘to 


70° ,or 80°, without At the dame.time, the refults, 
even in thofe high:heats, were often,|inferior, in: point of fu- 


fion, to thofe, obtained. by. low heats;.in porcelain, | The, rea- 
fon) of, this. now: plainly appears. it has 
always been confidered as neceflary, to) ufean air-tube,' in con- 
fequence of which, fome of the,carbonic acid, hasbeen fe- 
parated from) the; ‘earthy, bafis. by internal calcination: what 
carbonic.acid| remained, has been, more forcibly, attracted, ac- 
‘cording to,M. BERTHOLLET!s, principle, and, of courfe, more 
eafily comprefied, than. when of quantity fafficient to faturate 
the lime :! but, owing to,the diminifhed, quantity of acid, 


the compound has become lefs fufible than, in, the), natural | 


ftate; and, of ¢courfe, has, undergone. a higher cheat with lefs 
The introdudion of, water, iby, furnifhing a reacting 
force, has;) produced -a ftate of, things, fimilar.to, that. in the 
tubes ; the little or ma. of 


MODIFIED COMPRESSION. 127 


weight, ears the its“ ‘fafibility in 


Ine early part of fome experiments were 


with barrels, which -I ~withed to'try; with a view to another: 
feries of experiments. The refults were .too ‘interefting to be 
paffed over ;'for; though the ‘carbonic acid them was far’ 
from being completely conftrained, they ‘afforded fome of the: 
fineft examples I had:.obtained, of the 

pounded oyfter-thell, im a any water be- 
ing introduced to affift compreflion. | The lofs was apparently 
of 12-per cent. The fubftance ofthe fhell had evidently been 
in vifcidfafion; ‘it was:porous, femitran{parent, fhining in fur- 
fradture; in:moft. parts with the‘glofs of fufion, in. 
many others with facettes: of cryftallization.. The little tube 
had‘ beetr fet with its muzzle upwards; over it,as ufual, lay 
fragment of porcelain; andion ‘thatia round ‘chalk. 
At-the contadt:of the porcelain ‘and the: chalk, they:'had run 
together, and thé ¢halk had been evidently ina very foft fate’; 


for, refting! with its -weight-on the porcelain, this laft had been 


preffed into the fubftance of the chalk, deeper. than its'own 
breadth,:a rim of:chalk -being :vifible without, the furface of 
the porcelain ; juft as when the end of a‘knife ‘i is prefled 

retentive powér here afcribed tothe procelain tubes, feemsnot th accord 
with what was: formerly; mentioned, of the carbonic, ‘acid, having, been driven. 
through tt the fubftance. of the tube. ‘But the lofs, by, this 1 means s has probably been. 


fo that’ “the native properties of ‘the Catbonate ‘have. not been. fenfil bhy 
\edtiged! OH) peftiaps, ‘this “may not'be fo: univerfaP Ihave 
‘been induted to! think, byi having met with vit mo allothe cafes which I tried. 
In this.doubt,,I frenuayfly recommend a further examination , of, this, {ubje@ to 


10 


gentlemen have accefs, fo fach procelains as that of Drefden or of 


Seve. 


swith iron, ftate. The tube hada 


ter of the tube, had flowed in two or three places. The | 
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upon a piece of foft ‘butter. :The carbonate had fpread very. 
much on the infide of the tube, and had rifen round its, lip, as 
fome falts rife’ from their folution in water. In this manner, 
a {mall quantity, of the carbonate had reached the outer tube, 
and had.adhered to it. ..The black colour frequently mention- 
ed as accompanying: the: union -of; the — with, the) 
porcelain, is here,very 

On the 26th of February, I.made an. in 
the carbonate was not weighed, and no foreign: fubftance © 


introduced to ,aflift»the compreffion. ‘The temperature 


was 46°. The pytometer had been: affected: by the contact. 
of a_ piece of chalk, with which it: had united ; andfome of 


the carbonate muft have-penetrated the fubftance of the: py-. 


rometer, fince this laft had. vifibly, yielded to preffure, as ap- 
peared by a {welling mear the-conta&. obferved:in thefe ex- 
periments, that the carbonate: had a powerful. action on the 
tubes of Cornifh clay, more thanion:the pounded:filex.. Per- 


haps it has a peculiar affinity for argil;:and this may lead to 


important confequences. . The. chalk had wifibly firft. fhrunk 
upon itfelf, fo, as:ta be detached from theifides; and had then | 
begun. to run by fucceffive portions;:fo-as ftilkito,leave-a pil- 
lar in, the. middle, very irregularly worn ,away 5 indicating 
a fucceffive liquefattion, like that. of not the yielding of 
a: mals foftening all atvonce.s: 
the 28th of I an experiment with 
oyfter-thell unweighed, finely ground, and pafied through the 
clofeft fieves.. The pyrometergave:40°.. The piece of chalk 
bes pint it had been: fo foft, as to fink to the “ait te of half an 


ent in it, through which-the carbonate, united with the mat- 


fhell 


| ‘ 
| 
| 
| 
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fhell had fhrank ‘upon itfelf, fo as: to ftand detached from 


the fides, and bore very ftrong marks of fufion. The exter- 
nal furface was quite fmooth, and fhining like an enamel. 
The internal part confifted of a mixture of large - bubbles 


' and folid parts: the infide: of the bubbles had a hiftre much. 
‘fuperior to that of the outfide, and equal to that of glafs.’ The 


’ general mafs was femitranfparent ; but {mall parts were vifible. 
- by the lens, which were completely tranfparent and colour- 
_ lefg.- In feveral places this fmooth furface had cryftallized, 


fo as to prefent brilliant facettes, fteadily fhining in certain 
afpects. I obferved one of thefe facettes on the infide of an 
air-bubble, in which it interrupted the fpherical form as if _ 
the little {phere had been preffed inwards at that fpot, by the 
contact of a plane furface. In fome chalk near the mouth of 
the large tube, which lay upon a ftratum of filex, another very | 
interefting circumftance occurred. Connected with its lower 


' end, a fubftance was vifible, which had undoubtedly refulted 


from: theunion of thé carbonate with the filex.” This fubftance 


was white and femitranfparent, and bore the appearance of 
chalcedony.’ The mafs of chalk having attached itfelf to that 
above it, had fhrunk upwards, leaving an interval between i it. 
and the filex, and carrying fome of the compound up with it. 


_ From thence this laft had been in the act of dropping in a 
_ yifcid ftate of fufion, as evidently appeared when the {peci- 


men ‘was entire; having a ftalactite. and ftalagmite corre- 


L fponding accurately to each other. Unluckily I broke off the 
- ftalaétite, but the ftalagmite continues entire, in the form of a 


little cone. This new fubftance effervefced in acid, but. not 


- brifkly. 1 watched its entire folution ; a fet of light clouds 
= remained ‘undiffolved,.and probably fome jelly was. formed ; 

* for’ I obferved, that a feries of air-bubbles remained in the 
- form of the fragment, and moved tegether without any vifible 


; thus feeming to indicate a chemical union be~ 
VI.—P. I. tween 


| 
| 
| 
7 | | 
| 
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tween the filex and the carbonate. The hell, fated in the ex- 
periment, diffolved entirely i in the acid, with | 
cence. | 

In the three laft experiments, in at 
the fame time, the carbonate had not been: weighed 5, ‘but ‘no 
water being introduced to a/flift the compreffion, it is probable 
there was much lofs by internal calcination ; and owing doubt- 
lefs to this, the carbonates have crumbled’ almoft entirely to 
remain entire. | 

On the 13th of March, I afi in which, : 
befides fome pounded oyfter-fhell, I introduced a mixture of 
chalk, with 10 per cent. of filex intermixed, and ground to- 
gether in a mortar with water, m a ftate of cream, and then 
well dried. The contents of the tube when opened, were 
difcharged with fuch violence, that the tube was broken to _ . 
pieces 5 but I found a lump of chalk, then. in ‘a ftate of © 
white marble, welded to the compound; which laft, in its 
fraGture, fhewed that irregular black colour, interfperfed 
roughly through a cryftalline mafs, that belongs to the’ al- 
pine marbles, particularly to the kind called at Rome Cipol- 
line. It was very hard and firm; I think unufually fo. It effer- _ 
vefced conftantly: to the laft atom, in diluted nitric acid, but 
much more fluggifhly than’the marble made of pure chalk. A 
cloudinefs appeared pervading all the liquid. When the — 
effervefcence was over, a feries of bubbles continued during 
the whole day in the acid, without any difpofition to burft, 
or rife to the furface. After ftanding all next day and night, 
they maintained their ftation; and the {olution being ftirred, 
was found to be entirely agglutinated into a tranfparent jelly, 
breaking with fharp-angles. This experiment affords a direct 
and pofitive proof of a chemical union having — place be- 
tween the and filex. | 


VL 


| 
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Experiments, in ‘high Shells, and ‘with 
x 


3 I had: the. of, before mang a 
fadrtifheach of the foregoing experiments, on the zoth of Auguft 
laft (1804), many chemifts and mineralogifts of eminence have 
favoured me with fome obfervations. on, the fubjed, and have 
fuggefted doubts which, I. am anxious. to remoye.. It has been 
fuggefted, that the fufibility of the carbonates may have been 
the ;confequence of a mixture of other fubftances, either ori-_ 
ginally exifting in the natural, saabonaitte or. added. to it by 
the iconta¢tiof the porcelain tube. 
Wata, regard..to, the firtt of thefe to. 
obferve, that, granting this caufe of fufion to, have: been the 
réal. one, material. point, perhaps:all that. is, ftrictly. 
ry inorder to maintain, this part.of the Huttonian Theory, was 
neverthelefs. gained. -For, granting that our carbonates were 
impure, and that their impurity. rendered them fufible, ftill — 
the fame is true of almoft every natural carbonate ; fo that 
our experimenats were, in that refpect, conformable to nature. 
And as so the other, furmife, it has been fhewn, by; com- 
paring together a varied feries of, experiments, that the mu- 
tual ation between the lime and the porcelain was oc- 

cafioned. entirely by the prefence: of. the carbonic acid, fince, 
when it was abfent, no action of this kind took. place. The 
fufion-of .our, carbonates be afcribed to the 
Dia 

fulbility of the carbonate did not depend upon impurity, 

R 2 | I 


> 

| 
| | 
| 

| 
| | 


I have exerted myfelf to remove, by frefh experiments, every 
doubt that has arifen on the fubject. In order to guard againft 
natural impurities, I have applied to fuch of my friends as have 
turned their attention to chemical analyfis, (a branch of the 
f{cience to which I have never attended, ) to furnifh me with 
carbonate of lime of undoubted purity. To obviate the ¢on- 
tamination arifing from the contact of the porcelain tubes, I de- 
termined to confitie the fubject of experiinent’ im fome fubftaiice 
which had ne difpofitiot to ‘unite with the! carbonate firtt 
tried found it ‘very roles 
irregular abforption of water and'aity oat 
‘MT turned’ my conftrudtiom bflaibessor 
cups of plata for that’ ‘purpofe. Being unable readily-coopro- 
cure proper ‘folid Veffels of this febfance, Iomadeiufe of thin 
laminated’ plates, formed into cups.' My ‘firft ‘metnod 
to fold the plate exactly as wedo blotting-paper'to: forma filter 
(Fig? 26. )3 this prodiiced a cup’ capable: of holding: the thin- 
neft' liquid and being covered with a lid, formed:of a-fimilar 
thin plate, bent ‘at the edges; fo'as to’ overlap ‘confiderably 
(Fig. .28.), the carbonate it contained was fecured’ on »all fides 
from the contact of the porcelain. tube within which’ it-was 
placed. “Another convenient device likewife occurred: 1 
wrapt-a piece of the plate of platina round a cylinder, fo.as 
to forma each end of which was clofed by a cover 
like that juft defcribed (Fig. 27. and.29). (In figure 26. !and 
27.'thefe cups are-reprefented upon large feale, and inv28, 
and 29. nearly of their aétual fize). This laft conftruction 
had the advantage of containing eight or nine- ‘grains. of car- 
bonate, whereas the other would only hold about a grain 
and a half. On the other hand, it was not’ fit to ‘retain.a 


- thin liquid; but, in moft cafes, that circumftance was of: no 


confequence 5 and qT forefaw tliat the carbonates: not 


7 
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without? proving the main’ ‘point! wader’ confidera- 
OF the? apparatas was all r 
‘formerly deferibed) the fame preeautions being tken-to defend 
the! “platina' Wad with ‘the inner. tubes. of 
daring this fpritig dnd duniiner; the refalt of which is highly 
2c They ‘prove; the firtt place; the propriety of 
he: ywhiel» led ‘to this tfial, by thewing; thar the 
piire! carbonate, defended from: any| contamination, jis 
“refradtory! thai’ chalk finve,jin) ‘many ex- 
perinients, thie chalk liabbeed teduced to marble, 
while the pure’ carbonate, ‘confined in the) platina iveffel, has 
been but very feebly acted apon, having 2 
other “experiments! Phare fuccefs- 
ful, having obtained fome ¥efults , worthy, Pthink, of the at- 
tention! of: this Society,’ ‘and which fhall now fubmit.to their 
infpe@tion| | ‘Fhe Mpecimens dre’ alb-iniclofed, for fafety, .in 
glafs tubés;' and’ fapporeed of little ‘ands of wax;i(fig. 31, 
The fpecimens have; in ¢eneral, beenremoved from 
the! cup or tabesof 'platina in which they were formed, thefe 
devices ‘having: the advantage of’ feouring both the‘ veffel and 
contents, by) tis ‘to Ymwrap the: folds without vio- 
lenéey wheres, im cup or tube; it would have been 
ficult; after the experiments to avoid’ thé deftruction either 
16, 1865. ‘experiment was. made with 
calcareous fpar-froni‘St Gothard, remiarkeably a¥anfparent, and 
having ftrong double refraction. température of was 
applied’ ‘but owing te feine ‘accident; theweight was not 
known. The conical cup came out clean and entire, filled 
not 
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Not quite. to, brim. with,a yellowthh-grey fubfiange, having 
a fhining furface, with longitudinal fizeaks, ab.we fometimes fee | 
on glafs.. This furface was here and there interrupted. vee lit- 
tle white tufts or protuberances, difpofed irregularly... On 
the ledge of the, cup, ;formied by, shs.ends, of the folded. 
na, were feveral globular drops like minute pearls, xifble.to 
the naked eye, the,,number, of .which amounted to, fixteen. 
‘Thefe feem to have been. formed -hy.the, entire fufion of -what 
carbonate, happened to lie on the,ledge, or hadi been entangled 
amongft theiextremities of the folds,| drawing itfelf, together, 
and uniting in drops; as, wéifee, when fubftance melts.un- 
der the blowpipe-:. This refult,4s preferved, entire, without de- 
ranging the tube, am forry to, find, that it) has: begun; to fall 
to decay, in confequence, no, doubt, of too great a lofs of jits 
carbonic acid. But the slaboles de not feem:as yetto 
fered any injury. 2 to 
APRIL The. was | ufed,, with, two, grains of 
water, and a heat of 33°. have fufped, how- 
ever, that, in. this and, feveral. other experiments: made, -at 
this time, the meétal into which the:cradle pluaged,;en 
firft introdudtion into the barrel, hadi-beem too: hess fo as ito 
drive off the water. |. There,was a;lofs, of .6.4 pericent... The 
refult lay in the, cup; without) any, appearance: of, frothing 
or. fwelling. The furface. was ofa clean, white,, but: rough, 
having in one corner a fpace. fhining like. glafs«;, The, cup 
being unwrapt, the fubftance was, obtained found..and, entire : 
where it had moulded: itfelf .on. the,platina,,it had,a;fmall. de- 
gree of luftre, with the irregular..femityanfparency of faline 
marble: when broken, it-preferved that character more com- 
pletely than in any refult hitherto obtained the: fracture, bes 
ing very irregular and angular, aud fhining with facettes in 
various directions. I much regret that.this beautiful {pecimen 


| 
| no 
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nolonger exifts;: havitig crumbled entirely to pieces; notwith- 
ftainding all the! caré to-inclofe’ it with glafs and wax. 

} '26.An experiment. was, made with fome carbonate 
of lime, purified by my: friend Sir Grorce Mackenzix. Two 
grains of water were!introduced; but were loft; I fufpect, as in 
the laft cafes” Theheat applied was 32°: The of weight 

was 10.6°per cent: “Yet, though made but-one‘day after the 
it remams:-ds frefh and entire: as 

at’ firft, and promifes:/to ‘contitiue ‘unchangéd..! ‘Fhe external 

farfaee, asfeen iow ‘removing ‘the Aid of} the conical: “cup; Was: 


which were fringed with’a feries. of white andrough {phericles, 
one fet of: which advanced, at one fpot, near’ to the centre. 
The fhining farface was compofedof planes, which formed ob- 
tufe angles together, and: had their furface ftriated'; the ftrie 
bearing every appearance of a cryftalline arrangement. When 
freed from the ‘cup, as before, the fubftance moulded on the 
platina was: found:to have affumed a firie pearly furface. Some — 
large: air-bubbles appeared, which had! adhered to -the cup, 
and: were laid:open by its: removal, whofe internal furface had 
ai/béautiful luftre, and was full of ftrie like the outward fur- 
face. The mafs: is ‘remarkable for femitranfparency, as feen 
particularly: where the: air-bubbles diminifh its thicknefs: a 
f{malkopart of the mafs: being an in- 

APRIL 29. A cup of owas: filled: ‘with: 
large pieces of a peritwmkie* thell, the fharp point of the 
fpiral being» made 'to»ftand upright in the cup, (fig: 30.). A 
heat ‘was applied; and no water was introduced. The 


Turbo 


‘x 


fouridto thine alloover like glafsy except!roand the edges, 


| 

| 

| 

j 

} 

i 
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the fharp'ent>of the periwinkle, retained: iits:briginal ‘thape!in: 


great theafure, fol asto’ be quite difcernible:;, but’ the whole’: 


was glazed over! with a truly vitreous luftra, Thisiglaze 


-_-vered, at one placé/ia fragment of ‘the whicwhad beem ori-» 
gimaily loofe, arid hail welded Albthé angles: 


are roundedoby this vitrifactiom;'the fpace: bétweéi-thie ‘end; 
tire’ fhell arid ’fragment ‘bemg: filled, and the: angles: 


of their meeting rounded, with ‘this fhining»fabftance: The’ 


colour ‘is a’! ‘pale ‘blue; contrafted;:in othe fame: little 
with a natural piece of periwinkle, which ‘isvof teddith-yel-' 


One‘of ‘the fragments had adhered‘to!the did, and 


been converted into:a complete drop,:of ithe fize of a:m=ftard- 
feed. It is fixed:on the wax (at 4), along with the other {pe-; 
cimens of the experiment (fig. This refult: hhews, as:yet; 


no fign of decay, notwithftanding fo! great a lofs of weight.- 


‘Tue laft experiment ‘was: repeated on the:fame day, and:pre~: 


pared in the fame manner, with large fragments of fhell,and the: 
point of the periwinkle ftanding:up imthe! heat of 34°; 


was applied ; a lofs'took place 3° perrcent. -Ali'the original 
form had difappeared ; the carbonate lying inithechpasacom-; 
plete liquid, :with 2 :coneave furface, which did:tot fhine,:but: 
was ftudded all over: with the white: fphericles:or stifts, 
thofe feen in the former: refults, without! any>fpace :between; 
them. When detached fromithé cup; the furfate moulded on: 


the platina, was white and pearly, with:arflight: glofs:i The: 


mafs was quite fdlid veftige whatever appearing, of the 
original form of the (Be. ocAdmalk piece, bre-: 
ken off near, the the :cone, ifhewed: thé inteynal ftruc- 
ture to be-quitefaline., Imthe the {pecimen on: 


‘its ftand, another 'piect came, off: iD mew direGionwhichpres 


fentéd to view the moft perfect cryftalline arrangement : the 
fhining plane extended acrofs the whole fpecimen, and was 
more than the tenth of an inch in all directions.: This fraature, 

likewife, 
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Takewile, Thewed entire internal folidity tite 
fortunately, this {pecimen has fuffered: much by the fame de- - 


cay to which all of them are fubje@ which have loft:any.con- 


 fiderable weight. The part next the-outward furface alone 


_Temains entire: I have never been able to explain, ina fount, 
factory manner, this ‘difference. of durability 5 the: laft-men- 


tioned: in to.its weight. than 


bepiniting of Jue, from Mr Harcuerr 
_ fome -pure carbonate of lime, which he was fo good as to pre- 


pare, with a view to my: experiments; and I have Kane pre 


employed with it till-within thefe few days... pew 49 
My firtt experiments fubftance were un- 


fortunate, and it feemed to: be: lefs:eafily ated upon than any 
fubftance of the kind I had tried.) Its extreme:purity, no doubt, 


contributed much -to this, though another circumftance had 
likewife had fome effed. The powder, owing toa cryftallization 


which had taken place on its precipitation, Was very coarfe, 


and little fafceptible of clofe ramming; the particles, therefore, 
had lefs advantage than when a fine powder is ufed, in acting up- 
en each other, and I did ‘not choofe to run any rifk of contami- 


nation, by reducing the fubftance to a finer powder. Whatever | 


be'the caufe, it is certain, that in many experiments in which 


the’chalk -was changed to marble, this fubftance remained in 
loofe and brittle ftate, though confifting generally of clear and = 


fhining particles. I at: laft,: however, in 
fome very good refults with this carbonate. 

_ In’ an experiment. made with it-on thé 18th of June, in a 
ftrong heat, I obtained a very firm 'mafs with a faline fracture, 
moulded in feveral places:'on the Platina , which was now ufed 
in the cylindrical form. On the 23d, in‘a fimilar experiment, 
the barrel failed, and the. fubject of experiment was ore in 
an entire ftate of froth, proving its former fluidity. cas 


| | 


thin edges (at ¢ and d) were or all — and in a 
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On the>2s5th, in a fimilar experiment, a of 64° wasap- 


plied without any water within the barrel. platina: tube, 


(having been contaminated in a former experiment with fome — 
fufible metal), melted,-and the carbonate ‘retaining its cylin- 
drical fhape, had fallen through it; fo as'to touch the piece:of 
porcelain which had been placed next tothe platina tube. At 


the point of contact, the two ‘together, as a hot iron 


runs when touched by fulphur. The carbonate itfelf was very 


_ tranfparent, refembling a piece of fnow in the ac&t of melting. 


On the 26th of June, I made an experiment with this car- 


-bonate, which afforded a beautiful refult. One grain of wa- 


ter was introduced with great care; yet) thete was a lofs of 
6.5 per cent., and the refult has fallen to decay. The pyro- 
meter ‘adlesatdl 43°. On the outfide of the platina cylinder; 
and on one of the lids, were feen a fet of globules, like pearls, 
as once before obtained, denoting perfe@ fufion. _When the 
upper lid was removed, the fubftance was found to have funk 
almoft out of fight, and had affumed a form not eafily deferi- 


bed. (I have endeavoured to‘reprefent it in fig. 31. by anideal 
feGion of the. platina-tube and its contents, made through the 


axis of the cylinder), The powder, firft thrinking upon itfelf 
in the a@ of agglutination, had formed'a cylindrical rod, a 
remnant of which (4 4c) ftood up in the middle of the tube. 


By the continued a@ion of heat, the fummit of the rod. (at-2) 


had been rounded in fufion, and the mafs being now fof- 
tened, had funk by its weight, and’ fpread, below,:fo as to 

thould itfelf in the tube, and fill its»lower ‘part..completely 
(dfge).. At the fame time, the vifcid: fluid: adhering to the 


fides (at ¢ and d), while the: middle. part. was finking, had 
_ been in part left behind, and in part drawn out into a thin 


but tapering fhape, united by a curved furface (at 4 and ¢) to 
the middle rod. When the platina tube was unwrapt, 


{late 
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‘ftate of beautiful femitranfparency. (I have attempted to re- 
prefent the. entire {fpecimen, as it ftood on its cone of wax, in 
fig. 34.).. The carbonate, where moulded on the platina, had - 
a clean pearly whitenefs, with a faline appearance externally, 
and in the fun, fhone with facettes.. Its furface was interrupt- 
ted-by a few fcattered air-bubbles, which had lain againft the 
tube. The intervening fubftance was unufually compact and 

hard under the knife. The whole furface (ebac d, fig. 31.), _ 

andthe infide of the air-bubbles, vitreous luftre. Thus, 

every: thing a ftate. of vifcid like that of ho- 

Tuese laf to ‘oun that re- 
with refpect to. the fufibility of the 


| 
of the Force to the 
 paratus with the Muzzle of the Barrel upwards, and the weight acting 
a long Lever.—Apparatus with the Muzzle downwards, —Appa- 
ratus with Weight on the barrel. various 
| refults, 


In order to determine, within certain limits ‘at leaft, what 
force had been exerted in the foregoing experiments, and what 
was neceflary to'enfure their fuccefs;I made a number of ex- 
periments; in 4 mode nearly allied to that followed by Count 
RuMFoRD, in meafurifig the explofive force of gunpowder. — 

I to the followmg: fimple apparatus in June 
1803. I took one of the barrels, made as above defcribed, 
having a bore of 0.7 5 of an 
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inch *, and dreffed its muzzle fharp edge. ‘To'this 
firmly ferewed a collar of iron (aa, figi'36.): ‘placed ‘ata 
 diftance oftabout three inches from the muzzle, having two 
- ftrong bars (45) projecting: at right angles to'the ‘barrel, and 
dreffed fquare. The barrel, thus prepared,’ was: introduced; 
with its breech downwards, into the vertical muffle (fig. 35.) 3 
its length being fo adjufted, that its breech fhould be placed 
in the ftrongeft heat; the two projecting bars: above defcribed, 
 refting on two other bars (c¢, fig. 35.) laid upon the furnace 
receive them:;. one-upon each fide of the muffle: Into:the 
barrel, fo placed, was introduced a cradle, containing carbo- 
fate, with all the arrangements formerly mentioned’; ‘the rod. 
connected with it being of fuch length, as juft to lie within the - 
muzzle of the barrel. “ The liquid metal was then poured in-till 
it filled the barrel, and ftood at the muzzle with a convex fur-. 
face; a cylinder of iron, of about an inch in diameter, and half — 
an inch thick, was laid on the muzzle (fig. 35. and 37.), and to- 
_it a comprefling weight was inftantly applied. This was firft. 
done by the preflure of a bar of iron (de, fig. 35.), three feet:in. 
length, introduced loofely into a hole (d), made for the purpofe 
in the wall againft which the furnace'ftood ; the diftance between 
this hole and the barrel being one foot. A weight was then fuf-. 
pended at the extremity of the bar (¢), and thus a compreffing 
force was. applied, equal to three times that weight. In the 
courfe of practice, a cylinder, of lead was fubftituted for that 
of iron, and a piece of leather was placed between it and the 
muzzle of the barrel, which laft being dreffed,to-a. pretty fharp © 
edge, made an, impreffion, i in the lead: to affift this: effect, one 
fmart blow of 4 hammer was ftruck upon the bar, directly, over 
the as fhon. as. the weight bern on.. 
kk 


* This was the fize of barret nfed i in all the flowing 
is not otherwife exprefled. | 


effential, in,this mode. of operation, that:.the whole 


of the metal fhould continue in a liquid ftate during the action — 


of heat ; but when. I.was- fatisfied.as to its intenfity and dura- 
tion, i congealed.the metal, either by, extinguifhing the furnace 


entirely, :or by; pouring ..water the, barrel, As foon as the 


heat 'began:to act; drops of metal were feen to force themfelves 


- between the barrel, and the leather; following each other.with | 


more.or lefs, rapidity, according to, circumftances. Tn fome. 
experiments,; there.:was little exudation; but few of them 
entirely free from it. .T:o-fave the metal: thus extruded, 


Io placed-a black-lead. crucible, having its bottom perforated, 


round: the barrel, and: luted. .clofe| to, it, (fig. 37:); fome fand. 
being laid in this crucible, the metal was collected on its fur- 
face.On fome occafions, a found, of ebullition was heard. 
dating the attionof heats but this. ‘was a certain fign. of fail: 
ures. 
have been reduced to a common ftandard in the fecond table- 
placed in the Appendix ; to hich is. the: 


with: thefe:arrdngements. I had tried to-ufe a weight of 30]b.. 


producing a'preflure; of go lb., but I found this, not. fufficient. 
I. then hung-on a weight of cwt,,.or 112 lb.;;, by which a'com- 
prefling force, was applied;of 3.cwt. or 336 1b. - Very, little 
metal was feen to-efcape, and no:found. of ebullition was heard. 
The chalk in the body of the large tube, was teduced to quick- 


lime; but what ‘Jay in the inner tube. was pretty firm, and ef- 


fervetced to:the laft...;\One or two-facettes, of good appearance, 
were likewife found:-. ‘The contents of the {mall tube had loft 
but 2.6: per:cent.s but there was:a {mall. vifible intrufion of me- 
tal,and the: refult; by. its appearatice, indicated a greater lofs. 
Econfidered this, however, as ‘one point gained ;, that being the 
firft. 


| 
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firft tolerable compreffion accomplifhed by a Acinnisinsve force. 
“The pyrometer indicated 22°. | 

TuHIs experiment was repeated the fame day, sidleas a fill. 
{maller quantity of metal efcaped at the muzzle ; but the bar- 
rel had given way below, in the manner of thofe that have 
yielded for want of fufficient air. Even this refult was fatis- 
factory, by fhewing that a mechanical power, capable of for- 
cing fome of the barrels, could now be commanded. The car- 
bonate in the little tube had loft 20 per cent.; but part of it was 
in a hard and firm ftate, éffervefcing to t ‘att. BisiiiBg.s1g1 

No. 2.—Ow the 21ft June, I made an experiment with ano- 
ther barrel, with the faine circumftancts. I had left an empty | 
{pace in the large tube, and had intended to introduce its 
muzzle downwards, meaning that fpace to anfwer as an air- 
tube ; but it was inverted by miftake, and the tube entering 
with its muzzle upwards, the empty fpace had of courfe filled 
with metal, and thus the experiment was made without. any 
included air. There was no pyrometer ufed ; but the heat was 
guefled to be about 25° where the fubje@ of experiment 
lay. The barrel, when opened, was found full of metal, 


and the cradle being laid flat on the table, a ‘confiderable 


quantity of metal ran frdm it, which had undoubtedly 
been lodged in the vaeuity of the large tube. . When cold, I 
found ‘that vacuity fill empty, with a plating. of metal, 
The tube was very clean to appearance, and, when fhaken; 
its contents were heard to rattle.. Above the little tube, 
and the cylinder of chalk, I had put fome borax and fand, 
with a little pure borax in the‘middle, and chalk over it, 
The metal had not penetrated beyond the borax and fand,, by 
a good fortune peculiar to this\experiment ; the intrufion of 
metal in this mode of execution, being extremely troublefome, 
The button of chalk, was found in a ftate of clean white car- 
bonate, and pretty hard, but without tranfparency. The little 

tube 


| 
| 
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tube was petfueily clean. Its weight with its contents, feem-_ 


ed to have‘ fuffered no‘ change from what it had been when. 
firft introduced. Attending, however, to the balance with 
ferupulous nicety, a fmall preponderance did appear on the: 
fide of the weight. ‘This was done away by the ‘addition: 
of the hundredth of -a‘grain to'the {cale in which the carbo-. 


nate lay, and an addition of another hundredth produced if it 


a decided preponderance. Perhaps, had the tube, before its in- 


troduction, been examined with the fame care, as great a diffe-. 


rence might have been detected’; and it feems as if there had 
‘been no lofs; at’leaft not more than one hundredth of a grain, 


which on 10.95 grains, amounts to 0.0912; fay Or percent. 


The carbonate was loofe in the little tube, and fell out by flia- 
king. It had a yellow colour, and compaé appearance, with. 
a ftony hardnefs under the knife, and a ftony fracture ; but with 


very flight facettés, and’ little: or no tranfparency. In fome: 


parts of the fpecimen, a whitifh colour feemed to indicate partial 
calcination. ’ On examining the fracture, IT perceived, with the: 
magnifier, a {mall globule of metal¥not vilible to’ the naked’ 
eye, quite infulated and fingle. ‘Poflibly the fubftance may have. 
contained others of the fame fort; which may have compenfated’ 
for a fmall lofs, but there’ could not be many fuch, from: the’ 
general clean appearance of the whole. In the fracture, I faw 
here and there fmall round holes, 
to ‘indicate a beginning of ebullition. 

a number of experiments’ in the manner, 
that isto fay, with the muzzle of the barrel upwards , in fome 
of which ‘I “obtained very fatisfadtory refults 5 3 but’ it was 
only by chance that the’ fubftanee efcaped: the contamina-. 
tion of the fafible metal; ‘which: indticed me to think’ of ano- 
ther .mode applying ‘the compreffing ‘weight with’ the 
muzzle of the barrel downwards; "by which I expeéted to re: 
with a'determinate weight, all the experiments formerly 

“made 


| 

| 


made in barrels clofed by: congealed metal; and that, by ma- 
king ufe of an air-tube, the air, rifing:to the breech,: would fe- 
cure the contents of the tube from any ¢ontamination In 
‘this view, the barrel was introduced from below into ‘the 
muffle with it: breech upwards, and retained in that pofition. 
by means of a hook fixed to the furnace, till the collar was. 
made to prefs up againft the grate, by. an’ iron:lever, loaded. 
with a weight, and refting on fupport placed, im front... In 
fome experiments made. in this way, the refult was. obtained: 
very clean, as had been expected; . but the force had been too. 
feeble, and when},it was increafed, the yielded up- 


rounp it therefore neceflary to ufea of iron, (asi in fig: 
38.; the frame being reprefented feparately.in fig. 39.), by which: 
the brick-work was relieved from the mechanical ftrain. . This 
frame confifted of, two bars (ad and fe, figs..38, and 39.), fixed: 
into the wall, (at aand f,) padling horizontally under the furnace, 
ene on each fide of the muffle, turning downwards at the front, (in. 
band ¢), and meeting at the ground, with a flat bar (cd) uniting — 
the whole. In this manner, a kind of ftirrup (¢ de) was formed 
in front of the furnace, upon the crofs bar (cd) of which.a 
block of wood (4 4, fig. 38.), was placed, fupporting an edge of 
iron, upon which the lever refted; the working end of the 
lever (g) adting upwards. A Asai, was exerted, by: means of 
the barrel and its collar, againft the horizontal bars, (a 4 and 
f ¢), which was effectually refifted by the wall,(at aand f) at 
one end of thefe bars, and by the upright bars (c 4 and. dc) at 
the other end. In this manner the whole ftrain was fuftained 
by the frame, and the furnace ftood without injury. . o] 

TuE iron bar, at its working:end, was formed into the bhiie 
of a cup, (at g), and-half filled, with lead, the fmooth. furface of 
which, was applied to the muzzle of the barrel. The leyer, too, — 
was lengthened, 7m joining to the bar of iron, a beam of wood, 

making 
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indking the'iwhole ten feet anvlengths: Id this mannér,a piel 
nih sala ni 

muzele upwards, the weight wis ‘spplied white. the metal jas 
liquid. this ‘cafe, it‘ was: neceflary to let it' previoufly con- 


geal; otherwife the contents would have run out in placing the 


barrel in the muffle; and to allow the liquefaion effential to 
thefe trials; to ‘be ‘produced by the propagation of -heat from 
the muffle: downwards. Thisomethod required, therefore, ‘in 
every cafe, the ule of for without: it, the: heat 
acting upon the breech, while:the»metal at the muzzle was 
cold, would:infallibly have déftroyed the. barrel. A. great 
numberof thefe experiments failed, with very. confiderable 
wafte of the fufible metal, which, on thefe occafioiis was neatly 
all a few: of thsi ands 
fadtory tefults, which fhall dow mention. 
oNovertiber 1803; igood weite ip 
this) way, all with a bore of'0.75, preffure.of ro. cwt, 
oth; ‘a igood:dimeftone was .obtdined.in an 


little exudation by the muzzle. The pyrometer:gave)41°, 
The ‘Carbonate was in porous; and almoft frothy ftateno> 


NO. feednd experithent; madethe fame day; the 


td 37° oF (Phe fubftance bore ftrong marks of 
fufion, ‘the ‘upper’ part) having fpread ‘thé little the 
whole ‘was much fhrunkyandcrun againfione fides, The 
mafs {parklitig atid very. 

the 2 sth un experiment-was made'with:chalk,and 
forie fragments’ ‘of frail hell; with about half a grain of water. 
The‘heat had “riferi‘to tear The’ been 
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held by the beam, but was rent and alitele fwelled . 
at the breech. The: rent was wide, and fuch.as ‘has always 
appeared in the ftrongeft barrels when they failed. The car- 
bonate was. quite calcined, it had: boiled over the little tube, | 
and was entirely in a frothy flate, with large and. diftinaly — 
rounded air-holes. The fragments.of thell which hadi occupied 
the upper part of the little tube, had loft every trace of their 
fhape in the aé of ebullition and fufion. 
No. 7.+On the 26th a fimilar, experiment | 
‘which the barrel: was: thrown: openj' in fpite of this powerful 
comprefling foree, with a;report like that of a gun, (as I-was 
told, not having been prefent), and the bar. was found in a — 
‘ftate of. ftrong vibration. The carbonate was calcined, and 
fomewhat frothy, the:heart of one piece of chalk: - was in 
a ftate of faline: marbles! ! ola lit 


uf FRAG 


oO 

IT now occurred to me'to work ‘with: a comprefling force, 
rio air-tube, trufting, asihappened: accidentally in.one cafe, that 
the expanfion of the liquid ‘would clear itfelf by gentle.exu- 
dation, without: mjury to: the carbonate}, In this mode,’ 
was neceflary, for. reafons: lately. ftated, to, place)the muzzle 
upwards... Various trials made thus, at)this’ time, afforded. no 
remarkable refults. But I refumed the method, with the fol- 
lowing altération in of the weight, on the 27th 

I concelv eb: might-arife from, the 
mode of employing: ithe weight: in. the,former. experiments. 
‘In them it) had been applied) atthe end. ef the bar; and. its 
effe& »propagated : ‘along »ity:.fo to: prefs againft the barrel 
at its other extremity. At-occurredto'me, thatthe propagation 
of motion in this'way,.requiring fome ‘fenfible time,, a confi- 
derable quantity of: carbonic: acid. might efcape by.a fudden 
eruption, before that propagation had taken effect... I there- 
fore that more work be done, by 


| | 
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placing a, heavy. mats, (fige-40s), fo.as; direétly and 


‘fimply upon the muzzle of the barrel ; this mafs being guided 


and commanded by means, of a powerful lever, (a%)., For 


this purpofe, I procured. an, iron roller, weighing. 3, cwt. 7 
and fufpended it over the furnace, to the; end of a beam of: 


wood, refting on-a fupport near the|furnace, with along;arm 
guided. by.a rope (¢¢) and pulley: (d)aiby whish:she weight 
| could be raifed Or! let. down at pleafures.. . 


Witx this apparatus 1 made,fome experiments but. 


I found the weight,too light.to afford certain and, fteady refults 
of the beft quality. | therefore. procured.at the foundry- a 
large mafs of iron (f), intended, J believe, for driving piles, and. 
which, after allowing for the counterpoife of the beam, gave a 
direct preflure of 8.1 cwt.; and I could, at pleafure; diminith 
the compreffing force, by placing a bucket (¢) at,the.extremity 
of. the lever, into which I intraduced ‘weights; ; whofe. effet 
on the ultimate great mafs, was known by trial. Many. bar- 


rels failed in thefe trials: at laft, I obtained one of. {mall.bore, 7 


inch wbich two on the 22d of June 

No. to thie force by 
which the carbonate could be effectually conftrained: in. melt- 
ing heats, I firft obferved every thing: ftanding firm in a heat 
of above 20°; I then gradually threw weights into the, bucket, 
till the comprefling force was reduced, to 2 cwt.; ‘Fill then, 


things continued fteady ; but,-on the preflure being-ftil further 


diminifhed, metal began to ooze out at the, muzzle, with in- 
creafing, rapidity;,,.When- the, preflure was: reduced: to-14 :cwt. 


air rufhed out, with a hifling noife,.. I. then stopped the experi-. 


ment, by jpouring, water on! the barrel. .) Theopiece of chalk 
had: loft: 12, per, cent. 1¢, was! white: on. 


; 


| 
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Nov ‘experitnent was!made with: chatty in a‘dittle 
tube's'to'this; ort’ ‘grain of water-was added, had intended'to 
work with 4 ewt. only but’ the “barrel no: fooner ‘placed; 
_ than an’ éxudation of metal began atthe muzzle, owing, ‘doubt 
lefs, ‘to ‘the elafticity of the water. ° immediately “increafed 
the 40 8.1 | by removing ‘the ‘weight the 
bucket, whert the exudation “inftantly: ceafed. F'continued'the 
_ fire for three quarters of an: honr, during which time ‘no exu- 
dation happened; ‘then all came’ out’ remarkably clean; ‘with 
fearcely any'contamination of: metal,’ Fhe lofs amounted to 
2.58 The fubRtance was tolerably indurated, ‘but had 
not acquired the -chara@er of ‘a complete. 

Tw thefe two. laft: experiments, the: — fmalt, pyre. 
meter could not-be admitted. 2994.0 

«On sth’ of July ¥804, I made farisfactory: 
periments! ‘of this‘kind, ina’ batrel wich the 

No. r0.—was made with 4 of ' 3 ‘owe: 
A finall eruption at the muzzle being obferved;’ water ‘was 
thrown on the barrel: the pyrometer = 21°: the chalk'was | 
in a firm frate*of limeftone:' OF 

No. cwt The birtel-Rood without:any érup- 
exudation, till the heat:tofe to-259\ o There was'a lofs 
of 3.6 per cents the refult’ fuperior, in‘hardnefs and 
parenicy, to the laft, having fomewhat of'a faline fra@ure 

No. 12.—wire ‘The refult; with ‘a ‘lols! ‘per 
 cent., was of a’ quality faperior to any of thofe: lately: obtained. 

'Tuase-experiments'appear to anfwer the end propofed, of af- 
certaining the leaft ‘preffire,: and loweft heat, inwhich Hime. 
ftone’' can ‘be formed. . ‘The: refults, with’ various barrels of 
different fizes, agtee tolerably; and tend to confirm each other. 
The table fhews, when we compare numbers'1, 2; 8, 10, 11, x 
¥2, That a preffiire of 52 atmofpheres, or 1700 feet of fea, is 

capable 


4 
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capable of forming a limefiane inva proper‘heat: ‘That udder 
86 atmofpheres, anfwering nearly. to 3000 feet, or about half 
a mile, a.complete marble may be formed: and: laftly, That 
with..a preflure of 173 atmofpheres, or 5760 feet, that is; little 
more. than.ong' mile of fea, the carbonate of. lime: is made 
to: undergo .complete. fufion, ‘and to act powerfully on.othes 


* 


_ Formation of Coal.—Accidental occurrence which led me to undertake thefe 
Experiments.—Refults extracted from a former pubiteation. —Explana- 
tidn of fome difficulties that bave been fuggefted.—The Fibres-of Wood in. 
cafes\obliterated, and in fome preferved under comprefion.—Re 

_ femblance which thefe Refults bear to a feries of Natural Subftances de- 


periments: with inflammable: fubftances; which I look upon 


far from:complete, fhall add:but a few obfervations to- what 
have. already laid before this Society, im the fketch I had the 
honour to: fead in this place on the 30th of Auguftlaft. 
following: incidental occurrence led:me to enter upon 
this fubject rather prematurely, fince I had determined firft to 
fatisfy myfelf with regard tothe carbonate of lime. 
 OBSBRVING,| in. many of the laft-mentioned. clafs. of 
ments, that. the elaftic: matters made their efcape. between the 
muzzle of the barrel-and the cylinder of lead, I was in the ha- 
bit, as mentioned above, of :placing a. piece of leather between 
the lead and the barrel; in which pofition, the: heat to-which 
the leather was.expofed, was s meceflarily | below that of melting 
| lead. 


Of HEAT. 


fead. In an experiment, made on the 28th November 1803, in 
order to afcertain the power of the machinery, andthe quantity 
of metal driven out by the expanfion of the liquid, there being 
nothing in the barrel but metal, I obferved, as foon as the com- 

prefling apparatus was removed, (which on this:occafion was 
done while the lower part of the barrel was at its full heat, and 
the barrel ftanding brim full of liquid metal,) that all the leather 


~~ which lay on the outfide of the circular muzzle of the barrel, 


remained, being only a little browned and crumpled by the 
heat to which it had been expofed. What leather lay within | 
the circle, had difappeared ; and,’on the furface of the liquid 
metal, which ftood up to the lip of the barrel, J faw large drops, 
of a fhining black liquid, which, on cooling, fixed into a crifp 
black fubftance, with a fhining fracture, exactly like pitch or 
pure coal. It burned, though not with flame... While.hot, it 
{melt decidedly of volatile alkali. The important circumftance 
here; is the differeat manner in which the heat has aGed on the 
leather, without and within the rim of the barrel. The only 
difference confifted in compreflion, to which, therefore, the dif- 
ference of effect muft be afcribed: by its force, the volatile | 
- matter of the leather which efcaped from the outward parts, 
had within the rim, been conftrained; tc remain united to 
the reft of the compofition, upon which it had aéted as a 
flux, and the whole together had entered into a liquid ‘ftate, 
in a very low heat. Had the. preffure been continued : till 
all was ‘cool, thefe fubftances hare 
ducing a realcoal. 
On the 24th April 1803, a piece of “sort sileaki ina fimilar | 
manner, (the comprefling force being continued, however, till 
all was cold,) was changed to a fubftance like glue, owing 
-doubtlefs to compreflion, heat under that of melting lead... 
obfervatrons led me to make:a feries of experi- 
ments with animal and vegetable fubftances;and with’ coal; 
| the 
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refult of 1! have already laid before. 
E fhall now repeat that communication, as printed: in NicHoL~ 

I HAVE experiments with coal, treated, 
in the fame manner as the carbonate of lime: but I have found — 
it much lefs tra@table; for the bitumen, when heat is applied 
to it, tends to efcape by i its fimple elafticity, whereas the car- 
bonic acid in marble, is in part retained by the chemical force 
of quicklime. I fucceeded, however, in conftraining. the bitu- © 
minous matter of the coal, to a certain degree, in red heats, fo. 
as to bring the fubftance into a complete fufion, and to retain 
«its faculty of burning with flame. But, I could not accomplith 
this in heats capable of agglutinating the carbonate; for 
_ have found, where I rammed them fucceflively into the fame 
tube, and where ‘the veflel has withftood ‘the expanfive force, 
that the carbonate has been agglutinated into a good limeftone, 
but that the coal has loft about half its. weight, together with 
Its” power of giving flame when burnt, remaining in a very 
compact: ftate, with a fhining feature. Although this experi- 
ment’ has not afforded the defired refult, it anfwers. another 
purpofe ‘admirably. well. It. is‘known, that where a bed of coal 
is croffed by a dike of whinftone, the coal is found in a pecu- 
liar ftate in thé immediate neighbourhood of the whin: the 
fubftance in fuch places. being incapable af giving flame, it is 
diftinguifhed' by the name of d/ind coal. Dr Hutton has. ex- 
plained this fact, by fuppofing that the bituminous matter of 
the coal, has been driven by the local heat of whin, into places 
of lefs intenfity, where it. would. probably. be retained by diftil- 
lation. Yet the whole muft. have been carried on under the 
aétion of a preflure capable of conftraining the carbonic acid. 
of ‘the calcareous fpar, which occurs frequently in fuch rocks. 
In laft-mentioned we have a. perfect reprefen- 

‘tation. 


| 
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tation of the natural fa@; fince the coal hag loft its sicenibisae 
while the chalk in contacé with it has its carhonic 
acid. | 

T made fome experiments ot the fame kind, with ve- 
getable and animal fubftances. I found their volatility much 


_ greater than that of coal, and I was compelled, with thena, to 


work in heats below rednefs; for; even in the loweft red-heat, 
they were apt to deftroy the apparatus. The animal fubftance 
I commonly ufed was horn, ‘and the vegetable; faw-duft of firs 
The horn was incomparably the moft fufible and volatile of 
the two. Ina very flight heat, it was converted into a yellow 
red fubftance, like oil, which penetrated the clay tubes through 
and through. In thefe experiments, I therefore made ufe of 
tubes of glafs. It was only after a confiderable portion of the 
fubftance had been feparated from the mafs, that the remainder 
— affumed the clear black peculiar to coal. In this way I ob- | 
tained coal, both from faw-duft and from horn , which yielded 
a bright flame ia burning. 
“ Tue mixture of the two produced a fabftance having « ex- 
| adtly the fmell of foot or coal-tar.. I am therefore ftrongly.in-. 
clined to believe, that animal fubftance, as well as vegetable, 
has contributed towards the formation of our bituminous 
ftrata. This feems to confirm’an opinion, advanced by Mr 
Kerr, which has been mentioned to me fince I made this ex- 
periment. I conceive, that the coal which now remains in the 
world, is but a fimall portion of: the organic matter originally 
depofited : the moft volatile parts have been driven off by; the 
adtion of heat, before the’ temperatute had rifen high enough 
to bring the furrdunding fubftance iuto fufion, fo as ulaineetice 
the elaftic fluids, and fubje@ them to compreffion. 
“ In feveral of thefe experiments, I found that, eben the tes: 
fure was not great, when equal, for inftance, only to 80-at- 
mofpheres, that the horn — ‘was | difitpated entirely, the 
glafs 
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plafs tube, which had containedsit being left almoft clean: yet 
undoubtedly, .if expofed to heat without compreffion, and pro- 
tected from the contaét of, the atmofphere, the orn would 
leave a cinder or coak behind it, of ‘matter wholly. devoid 
of volatility. Here, thea, it would .feem, as if the moderate 
preffure, by keeping the elements of the fubftance together, 
had promoted. the general volatility, without. being ftrong 
enough to refift that. expanfive force, and thus, that the whole 
had e(caped. This refult, which I fhould certainly not. have 
forefeen in theory, may perhaps account for the abfence of 
coal in fituations where its prefence might be — on prin- 

ciples. f gene! analogy,’ 


SINCE this a very has been put 
to me... When the inflammable fubftance has loft weight, or 
when the whole has been diflipated, in thefe epee what 
has become of the matter thus driven off? 

I must own, that to anfwer this queftion with peiiede con- 
fidence, more experiments are required. But, in the courfe of 
practice, two circumftances have occurred as likely, in moft ca-_ 
fes, to have occafioned the lofs alluded to.. I found in thefeexpe- 
riments, particularly with horn, that the chalk, both in powder 

and in lump, which was ufed to fill vacuities in the tubes, 
and to-fix them in the cradle, was ftrongly impregnated with 
an oily or bituminous matter, giving to the fubftance the qua- 
lities of a ftinkftone. I conceive, that the moft volatile part of 
the horn has been conveyed to the chalk, partly in a ftate of 
vapour, and partly by boiling over the lips of the glafs tube; 
the whole having been evidently in a ftate of very thin fluidity. 
Having, in fome.cafes, found the tube, which had t intro- 
duced full of:horn, entirely empty after the experiment, I was 
induced, as above ftated, to conceive, that, under preflure, i it 
had acquired a. greater general volatility than it had in free- 
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dom; and I find that, in the open fire, horn yickde a charcoal 


equal to 20 per cent. of the original weight. But more 0 


riments muft be made on this fubject. | 

_ Anoruer caufe of the lofs of weight, lay undoubtedly in the 
excefs of heat employed in moft of them, to remove the cradle 
from the barrel. With inflammable fubftances, no air-tube 


was ufed, and the heats being low, the air lodged in inter- 
- ftices had been fufficient to fecure the barrels from deftruction, | 


by the expanfion of the liquid metal. In this. view, likewife, I 


often ufed lead, whofe expanfion in fuch low heats, I expected 


to. be lefs than that of the fufible metal. And the lead requir- 
ing to melt it, a heat very near to that of rednefs, the fubjec& 
ef experiment was thus, on removing the cradle, expofed in 
freedom. to.a temperature which was comparatively high. But, — 
ebferving that a great lofs.was thus occafioned, I returned to 
the ufe of the fufible metal, together with my former method 
of melting it, by plunging the barrel, when removed from the 
furnace, into. a folution of muriate of lime, by which it could 
only receive a heat of 250° of FAHRENHEIT. 

Tue effe& was remarkable, in the few experiments. tried: i in 
this way. The hora did not, as in the other experiments, 
change to a hard black fubftance, but acquired a femifluid and 
vifcid confiftency, with a yellow-red colour, and a very offen- 
five {mell. This fhews, that the fubftances which here ocea-. 


_ fioned both the colour and {mell of the refults, had. been dri- 


ven off in the other experiments, by the too great heat ae 
to the fubftance, when free from compreflion. 

I rounp that the organization of animal fubftance was en- 
tirely obliterated by a flight action of heat, but that a ftrenger 
heat was. required to perform the entire fufion of vegetable 
matter. This, however, was accomplifhed; and:in feveral 
experiments, pieces of wood were changed to a jet-black and 
inflammable fubftance, generally very porous, in which no 

tFace 
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trace could be difcoveted of the original organization. In 
_ others, the vegetable fibres were ftill vitibie, and are forced: on 
der by large and fhining air-bubbles. 

Since the publication of the fketch of my experiments, I 
have had the pleafure to read Mr Hatcuett’s very interefting 
account of various natural fubftances, nearly allied to coal ; 
and I could not help being ftruck with the refemblance which 
my refults bear to them, through all their varieties, as brought 
_ into view by that able chemift; that refemblance affording a 
ptefumption, that the changes which, with true {cientific mo- _ 
defty, he afcribes to an unknown caufe,-may have refulted from 
various heats acting under preflure of various force. The 
fubftance to which he has given the name of Retina/phalium, 
feems to agree very nearly with what I have obtained from 
animal fubftance, when the barrel was opened by means of low 
heat. And the f{pecimen of wood entering into fufion, but ftill 
retaining the form of its fibres, feems very-fimilar to the in- 
termediate fubftance of Bovey-coal and Surturbrand, which Mr 
HatcueEtr has affimilated to each other. It is well known, 
that the furturbrand of Iceland, confifts of the ftems of large 
trees, flattened to thin plates, by fome operation of nature hi- 
therto unexplained. But the laft-mentioned experiment feems 
_ to afford a plaufible folution of this puzzling phenomenon. _ 

Iw all parts of the globe, we find proofs of flips, and various 
relative motions, having taken place amongft great mafles — 
of rock, whilft they were foft in a certain degree, and which 
have left unequivocal traces behind them, both in the derange- 
ment of the beds of ftrata, and in a fmooth and fhining fur- 
face, called flickenfide, produced. by the diredt friction of one 
mafs on another.: During the action of fubterranean heat, were 
a fingle ftratum to occur, containing trees intermixed with 
animal fubftances, fhell-fith, &c. thefe trees would be reduced, 
to a foft and unctuous ftate, fimilar to that of the piece of wood 
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in the laft-mentioned experiment, whilft: the fubftance of- the 
contiguous ftrata retained a confiderable degree of firmnefs.. In 
this ftate of things, the ftratum juft mentioned, would very na- 
_ turally become the fcene of a flip, occafioned by the unequal 

_ preffure of the furrounding maffes.. By fuch a fliding motion, 
accompanied by great compreflion, a tree would. be flattened, 
as any fubftance is ground in a mortar, by the combination of 
a lateral and dire&t-force. At the fame time, the fhells along 
with the trees, would be flattened, like thofe defcribed by Berc- 
MAN; while thofe of the fame {pecies in the neighbouring 
limeftone-rock, being its interior 
retain their natural ng | 


7 


Aeplication of the to. —Th be in the 
Huttonian Theory is a modification of that of the Volcanoes.—-This mo- 
dification muft take place i ina lava previous to its eruption. —An Inter- 
nal Lava is capable of melting Limeftone. —The effects of | V olcanic Fire 
on fubftances ina Subterranean and fubmarine fituation, are the fame as 
thofe afcribed to Fire in the Huttonian Theory.—Our Strata were once 
in a fimilar fituation, and then underwent the action of fire:—All the . 
conditions of the Huttonian Theory being thus combined, the formation 
of all Racks be accounted in a manner. —Conclus 


Havine inveftignted: of the: -experi- 
ments, fome of the chemical fuppofitions. involved in the Hut- 
tonian Theory, and having: endeavoured to affign a determi- 
nate limit to the power of the agents employed 5 T fhall now. 
apply thefe refults to and i the events 
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| 
| | 


MODIFIED by COMPRESSION. 157 


fuppofed to have ‘taken accord 
ing {tate of our globe. 

moft’ sted effential of. shai Fiuttboian 
Fire, which I have always looked upon as the fame 
with that of volcanoes, modified by circumftances which mutt, 
eruption; 

original farce of fire is in great ob- 
fcurity ; and no fufficient: reafon occurs to me for deciding 
whether it proceeds by emanation from fome vaft central re- 
‘fervoir, or is generated by the local operation of fome chemi- 
cal procefs. Nor is there any. neceflity for fuch a decifion : 


all need to know is, that ‘internal fire exifts, which no one 


can doubt, who believes in. the eruptions of Mount Vefuvius. 
To require that a man fhould account for the generation of 
internal fire,.before he is allowed to employ it in geology, is. 


no lefs abfurd than it would be to prevent him from reafoning 


about. the conftruction of a telefcope, till he could explain the 
nature of ‘the fun, or account for the generation of light *. 
But while :we remain in fufpenfe as.to the’ prime-caufe of 


this tremendous agent; many circumftances of iniportance with © 


regard to it, may. the. of and: 
difcuffion. 


Some authors. (Leo conceive ‘through fads) | 


have alleged, that the fire of AEtna and Vefuvius is merely fu- 
perficial. But the depth of its.aGtiion is. fufficiently proved, by- 
the great diftance to which the eruptive percuflions are felt, 


\ 


as. mere conje€ture on a fubjeét of collateral 1 importaace, argued as. 


the hafis and fundamental doftrine of 
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eruptions of Mount Vefuvius. Some of thefe, as marble and eyp- 


{um, are incapable in freedom of refifting the action of fire. We 


shave likewife granite, {chiftus, gneifs,and ftones of every known 
_-clafs, befides many which have never, on any other occafion, — 


been found at the furface of our globe. The circumftanceé of 

thefe fubftances having been thrown out, unaffected by the — 
fire, proves, that it has proceeded from a fource, not only as 
deep, but deeper, than their native beds; and as.they exhibit 
fpecimens of every clafs of minerals, the formation of which — 
we pretend to explain, we need inquire no further into the 


depth of the Vefuvian fire; which has thus been proved to 


reach below the range of our fpeculations. 
Votcanic fire is {ubject to perpetual and irregular varia- 
tions of intenfity, and to fudden and violent renewal, after 


‘long periods of abfolute ceflation. Thefe variations and inter- 


miffions, are likewife eflential attributes of fire as employed by 
Dr Hutton ; for fome geological fcenes prove, that the indura- 
ting caufe has acted repeatedly on the fame fubftance, and that, 
during the intervals of that action, it had ceafed entirely. 
This citcumftance affords a complete anfwer to an argument 


lately urged againft the Huttonian Theory, founded on the 


wafte of heat which muft have taken place, as it is alleged, 
through the furface. For if, after abfolute ceflation, a power 
of renewal exifts in nature, the — ot wate oy continuance 
is quite inapplicable. | 
Tue external phenomena of are fifiiciently well 
known ; but our fubje@ leads us to inquire into their internal 
actions. This we are enabled to do by means of the foregoing 
experiments, in fo far as the carbonate of lime is concerned. 
Some experiments which I formerly * laid before this So- 
ciety and the public, ‘ combined with thofe mentioned i in this 


‘Paper, ? 


Edinburgh TranfaGions, Vol. V. Part I, 60—66. 
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paper, prove, that the feebleft exertions of silbagic: Gre, are of 
fufficient intenfity to perform the agglutination, and even the 
entire fufion, of the carbonate of lime, when its carbonic acid 
is effeétually confined hy preflure ; for though lava, after i its 
fufion, may be made, in our experiments, to congeal into a 
glafs, in a temperature of 16° or 18° of WEDGwooD, in which 
temperature the carbonate would fcarcely be. affected ; it muft. 
be obferved, that a fimilar congelation is not to be bscked for 
in nature ; for the mafs, even of the fmalleft ftream of lava, is 
too great to admit of fuch rapid cooling. And, in faa, the 
external part of a lava is not vitreous, but confifts of a fub- 
ftance which, as my experiments have proved, muft have been 
congealed in a heat of melting filver, that is, in 22° of WEpG- | 
woop ; while its internal parts bear a charaéter indicating that 
they congealed in 27° or 28° of the fame fcale. It follows, 
that no part of the lava, while it remained liquid, can have: 
been. lefs hot than 22° of WEpGwoop. Now, this happens to 
be a heat, in which I have accomplifhed the entire fufion of 
the carbonate of lime, under preffure. We muft therefore 
conclude, that the heat of a running lava is always of ae 
cient intenfity to perform the fufion of limeftone. 

In every active-volcano, a communication exift 
the fummit of the mountain and the unexplored region, far 
below. its bafe, where the lava has been melted, and whence it 
has been propelled upwards ; the liquid lava rifing through this- 
internal. channel, fo as to. fill the crater to the:brim, and flow 
ever it. Qn this occafion, the fides of the mountain muft un- 
dergo-a violent hydroftatical preffure outwards, to which they: 
often yield by the formation. of a vaft rent, through which the 
lava is difcharged in a lateral eruption, and flows in a continued’ — 
ftream fometimes during months. On tna moft-of the erup- 
tions are fo performed ; few. lavas flowing from the fummit,. 
but generally breaking out laterally, at very elevated ftations. 
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At the place of delivery, a quantity of. gafeous meen 1s ‘pro-. 
pelled violently upwards; and, along: with it, fome liquid. lava; . 
which laft, falling back again in a. fpongy-ftate, produces. one 
of thofe conical hills which we. fee in great number on the vatt 
fides of Mount tna, each indicating the difcharge of a parti- 
cular eruption. . At the fame'time, a jet of flame and fmoke iffues 
from the main crater, proving the internal communication: _be- 
tween it and the lava; this difcharge from. the furnmit gene- 
rally continuing, in a greater or a lefs degree, during the in- 
tervals between etn’ tions. (Fig. 41. reprefents an ideal fection 
of Mount a bi is the channel, b is a Tateral 
branch)... | 
_ Ler us now attend 1 to the ftate of t the ee within the moun- 
tain, during the courfe of the eruption ; and let us fuppofe, that 
a fragment of limeftone, torn from fome. ftratum below, has 
_ been included in‘ the-fluid lava, and carriéd up with it. ‘By the 
laws of ‘hydroftatics, as each portion of this fluid fuftains pref- 
fure.in proportion to its perpendicular diftance below the ‘ point 
of difcharge, that preffure muft increafe with the depth. The 
fpecific gravity of folid and compact lava is nearly 2.8; and its 
weight, when. liquid ftate, is probably little: different. 
The table thews, that the’ carbonic acid of limeftone cannot be 
conftrained in heat by a preflure lefs than that of 1708 feet of 
fea, which correfponds nearly to 600 feet of liquid lava.” As 
foon, then, as our calcareous miafs rofé to within 600 feet of the 
furface, its carbonic acid would: quit the lime, and, afluming a 
gafeous form, would add to the eruptive effervefcence. And 
this change would;commonly begin in: much greater depths; in 
confequence of the bubbles of carbonic acid, and other fubftan- 
ces ina gafeous form;,which, rifing «with the lava, and through 
it, would greatly diminifh the weight of the column, and would 
render its preflure on: ‘any particular: {pot extremely variable. 
With all thefe ieregslaviticas howéver, and interruptions, the 
preflure 
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| preflure would in all cafes, efpecially where the depth was confi- - 


derable, far furpafs what it would have been under an equal 
_ depth of water. Where the depth of the ftream, below its 
point of delivery, amounted, then, to 1708 feet, the preffure, if 
the heat was not of exceflive intenfity, would be more than fuf- 
ficient: to conftrain the carbonic acid, and our limeftone would 
fuffer no calcination, but would enter into fufion; and if the 
eruption ceafed at that moment, would cryftallize in cooling 
‘ along with the lava, and become a nodule of calcareous fpar. 
The mafs of lava, containing this nodule, would then conftitute 
a real whinftone, and would belong to the kind called amygda- 
loid. In greater depths ftill, the preflure would be propor- 


tionally increafed, till fulphur, and even water, might be con-— 


{trained ; and the carbonate of lime vous continue undecom- 
pofed in the higheft heats. - | 


while the lava was in a liquid fate, the 


or previous to it, a new rent (de, fig. 41.), formed in the folid 
country below the volcano, was met by our ftream (at d), it is 


obvious that the lava would flow into the aperture with great — 


_ rapidity, and fill it to the minuteft extremity, there being no 
air to impede the progrefs of the liquid. In this manner, a 
ftream of lava might be led from below to approach the bot- 
tom of the fea (ff), and to come in contaé with a bed of 


loofe fhells (gg), lying on that bottom, but covered with . 


beds of clay, interftratified, as ufually occurs, with beds of 
fand, and other beds of fhells. The firft effe&t of heat would be 
to drive off the moifture of the loweft thell-bed, in a ftate of va- 
pour, which, rifing till it got beyond the reach of the heart, 
would be condenfed into water, producing a flight motion of 
ebullition, like that of a veflel of water, when it begins to 
boil, and when it is faid to immer. The beds of clay and fand 
might thus undergo fome heaving and partial derangement, but 
would ftill poffefs the power of flopping, or of very much im- 
Vox. VI.—P. I. x peding, 
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peding, the defcent of water from the fea above; bs that the 
water which had been driven from the fhells at the bottom, 
would not return to them, or would return but flowly ; and — 
they would be expofed dry to the action of heat *. 
In this cafe, one.of two things would inevitably happen. Ei- 
ther the carbonic acid of the fhells would be driven off by the 
heat, producing an incondenfable elaftic fluid, which, heaving 
up or penetrating the fiperincumbent beds,. would force its 
way to the furface of the fea, and produce a fubmarine erup- 
tion, as has happened at Santorini and elfewhere; or the vo- 
latility of the carbonic acid would be reprefled by the weight of _ 
the fuperincumbent water (#4), and the fhell-bed, being fof- 
tened or fufed by the action of heat, would be converted into 
a ftratum of limeftone. | 
Tue foregoing experiments enable us to decide in any parti- 
cular cafe, which of thefe two events muft take place, when 
the heat of the lava and the depth of the fea are known, | 
‘Tue table fhews, that ynder a fea no deeper than 1708 
Sat, near one-third of a mile, a limeftone would be formed 
by proper heat; and that, in a depth of little more than 
one mile, it would enter into entire fufion. Now, the com- 
mon foundings of mariners extend to 200 fathoms, or 1200 
fect. Lord Muzcrave found, bottom at 4680 feet, or 
nearly nine-tenths of a mile; and Captain Exuis let down 
a fea-gage to the depth of 5346 feet}. It thus appears, 


THIS of things, is, fimilar | to what happens when fmall-coal i is moi- 
ftened, in order to make it cake. The duft, drenched with water, is laid upon the 
fire, and remains long wet, while the heat below fuffers little or no abatement. 


Voyage towards the, North Pole, p. 142. 
{ Philofophical TranfuGions, 1751, p. 242. 


} 
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that at the bottom of a fea, which would be Sinead by a 
line much lefs than double of the ufual length, and lefs than 
half the depth of that founded by Lord Mutcrave, lime- 
{tone might be formed by heat ; and that, at the depth reach- 
ed by Captain Exuis, the entire fufion would be accomplifh- 
ed, if the bed of fhells were touched by a lava at the extre- 


mity of its courfe, when its heat was loweft. Were the heat 
of the lava greater, a greater depth of fea would, of courfe, be — 
requifite to conftrain the carbonic acid effeCtually; and future — 
experiments may determine what depth is required to co-ope-— 


rate with any given temperature. It is enough for our prefent 
purpofe to have fhewn, that the refult is poflible in any cafe, 
and to have circumfcribed the neceffary force of thefe agents. 
within moderate limits. At the fame time it be obferved, 


that we have been far from ftretching the known facts; for when | 


we compare the fmall extent of fea in which any foundings 
can be found, with that of the vaft unfathomed ocean, it is ob- 


vious, that in afluming a depth of one mile or two, we fall _ 


very fhort. of the medium. M. pe ta Prace, reafoning 
- from the phenomena of the tides, ftates it'as highly probable 
that this medium is not lefs than eleven Englifh miles *. 

Ir a great part or the whole of the fuperincumbent mafs 
confifted, not of water, but of fand or clay, then the depth re- 
quifite to produce thefe effects would be leffened, in the inverfe 
ratio of the fpecific gravity. If the above-mentioned oc- 
currence took place under a ma{s compofed of ftone firmly 


bound together by fome previous operation of nature, the 


power of the faperincumbent: mafs, in  oppofing the efcape of 
| 2 carbonic 


© “ On peut donc regarder au moins comme trés probable, que la profondeur 
‘“ moyenne de Ia mer n’eft pas au-deffous de quatre lieues.” De 1a Pack, 
Hift. de 1 Acad. Roy. des Sciences, année 1776, 
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carbonic acid, would be very ‘much increafed by that union 
and by the ftiffnefs or tenacity of the fubftance. We have 
feen numberlefs examples of this power in the courfe of thefe 
experiments, in which barrels, both of iron and porcelain, 
whofe thicknefs did not exceed: one-fourth of an inch, have 
exerted a force fuperior to the mere weight of a mile of fea. | 
Without fuppofing that the fubftance of a rock could in any 
cafe act with the fame advantage as that of a uniform and con- 
nected barrel ; it feems obvious that a fimilar power mutt, in 
many cafes, have been exerted to a certain degree. | ze 

We know of many calcareous maflfes which, at this’ mo- 
ment, are expofed to a preflure more than fufficient to accom- 
plith their entire fufion. The mountain of Saleve, near Geneva, 
is 500 French fathoms, or nearly 3250 Englith feet, in height, 
from its bafe to its fummit. Its mafs confifts of ‘beds, lying 
nearly horizontal, of limeftone filled with fhells. Independent-_ 
ly, then, of the tenacity of the mafs, and taking into account 
its mere weight, the loweft bed of this mountain, muft, at this 
- moment, fuftain a preflure of .3250 feet of limeftone, the fpecific 
gravity of which is about 2.65. This prefiure, therefore, is‘equal 
to that of 8612-feet of water, being nearly a mile and a half of 
fea, which is much more than adequate, as we have fhewn, to 
accomplifh the entire fufion of the carbonate, on the appli- 
cation of proper heat. Now, were an emanation from a 
- volcano, to rife up under Saleve, and to penetrate upwards 
to its bafe, and ftop there; the limeftone to which the lava 
approached, would inevitably be foftened, without being cal- 
cined, and, as the heat retired, would eryftallize into a faline 


marble. 


Some other circumftances, relating to this fubject, are very 
deferving of notice, and enable us ftill further to compare the 
ancient and modern operations of fire. 


; 
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appears, at firft fight, that lava having once pene- 

trated the fide of a mountain, all fubfequent lavas fhould conti- 
‘nue, as water would infallibly do, to flow through the fame _ 
aperture. But there is a material difference in the two cafes. 
‘As foon as the lava has ceafed to flow, and the heat has begun 
to abate, the crevice through which the lava had been pafling, | 
remains filled with a fubftance, which foon agglutinates: in- 
to a mafs, far harder and firmer than the mountain itfelf. This 
mafs, lying in a crooked bed, and being firmly welded to the 
fides of the crevice, muft oppofe a moft powerful refiftance to 
any ftream’ tending to purfue the fame courfe. The injury 
done to the mountain by the formation. of the rent, will thus 
be much more than repaired ; and in a fubfequent eruption, 
the lava muft force its way through another part of the moun- | 
tain or throigh fome part of the adjoining country. The 
action of heat from below, feems in moft cafes to have kept a 
channel open through the axis of the mountain, as appears 
_ by the fmoke and flame which is habitually difcharged at the 
-fummit’ during intervals of calm. On many occafions, how- 
ever, this fpiracle’ feems to have been entirely clofed by the 
confolidation of the lava, fo as to fupprefs:all emiffion. This 
happened to Vefuvius during the middle ages. All appearance — 
of fire had ceafed for five hundred years, and the crater was 
covered with a foreft of ancient oaks, when the volcano open- 
ed with frefh vigour m the fixteenth century. 

‘eruptive force, capable of overcoming fuch an 
ftacle, muft be tremendous indeed, and feems in fome cafes 
to have blown the volcano itfelf almof to pieces. It is im- 
| poffible to fee the Mountain of Somma, which; in the form of a 
crefcent, embraces: Mount Vefuvius, without being convinced 
that it is a’ aBragment of a large volcano, nearly concentric 
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with the prefent inner cone, which, in fome great eruption, 
had been deftroyed all but this fragment. In our own times, 
an event of no fmall magnitude has taken place on the fame 
fpot ; the inner cone of Vefuvius having undergone fo great a 
change during the eruption in 1794, that it now bears no re-— 
femblance to what it was when I faw it in 1785. : 
Tue general or partial ftagnation of the internal lavas at 
the clofe of each eruption feems, then, to render it neceflary, 
that in every new difcharge, the lava fhould begin by ma-— 
king a violent laceration. And this is probably the caufe 
of thofe tremendous earthquakes which precede all great erup- 
tions, and which ceafe as foon as the lava has found a vent. It 
feems but reafonable to afcribe like effects to like caufes, and 
to believe that the earthquakes which frequently defolate coun- 
- tries not externally volcanic, likewife indicate. the protrufion 
from below of matter in — ma{s of 
rock. 
‘THE inje@ion of a swhinfiote-dike into a frail thale 
and fandftone, muft have produced the fame effects upon it that 
the lava has. juft been ftated to produce on the foofe, beds of 
volcanic fcoria, One ftream of liquid whin, having flowed into 
fuch an affemblage, muft have given it great additional weight 
and ftrength : fo that a fecond ftream coming like the firft, would 
be oppofed by a mafs, the laceration of which would produce 
an earthquake, if it were overcome 3 or by which, if it refifted, 
the liquid matter would be compelled,to penetrate fome weaker 
mafs, perhaps at a great diftance from the firft... The internal 
fire being thus compelled perpetually. to change the {cene of its 
action, its influence might be carried to an indefinite extent : 
So that the intermittance im point of time, as well.as the verfa- 
tility in point of place, already remarked as common to the 
Huttonian and Volcanic fires, are accounted for on our princi- 
ples. 


| 

| 
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ples. And it thus appears, that whinftone poffeffes all the pro- 


perties which : we are led by to to an 
lava. | 
‘Puts is curtoufly illuftrated by an. 
cafe between the refults of external and internal fire, difplayed 
in an actual fection of the ancient part of Vefuvius, which oc- 
- curs in the Mountain of Somma mentioned above. I formerly 
defcribed this fcene in my paper on Whinoftone and Lava; .and 
I muft beg leave once more to prefs it upon the notice of the 
public, as affording to future ‘travellers a ‘mot enterefti ing. 
of geological inquiry. 
fection is feen in bare cliff 
feet in height, which Somma prefents to the view from the 
little valley, in form of a crefcent, which lies. between Somma 
and the interior cone of Vefavius, called the Atrio del Cavallo. 
(Fig. 42. reprefents this fcene, done from the recolle@ion of 


what I faw in 4785.: adc is the interior cone of Vefuvius; 


df g the mountain of Somma; and.cde the Atrio dei Cavallo). 
By means:of this cliff (fd im figure 42: and which is repre- 
fented feparately in fig. 44:); we fee the internal firrQure of 
the mountain, compofed of thick beds (&#) of loote fcoria, 
which ‘have fallen in fhowers ; between which thin. but firm 


ftreams (mm) of lava are interpofed; which have ‘flowed down 


_ the outward-coniéal fides of the mountain. (Fig. 43. is an ideal. 
fection of Vefuvius’and Somma, ‘through the axis of the cones, 
fhewing the manner in -which the beds of fcoria and of lava: 


lie upon each other; the extremities of which beds are feen 


edgewife in the cliff at m m and &&, fig. 42; 43, and.44.).. 


Tus affemblape of {coria and lava-is traverfed abruptly and: 


vertically, iby: ftreams ‘of folid lava (nn, fig. 44), teaching 
from: top'to. bottom of the cliff. Thefe laft I conceive to have 


flowed in rents of the ancient mountain, which rents had acted. 
| as. 


i 
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as pipes through which the lavas of the lateral eruptions were 
conveyed to the open air. This {cene prefents to the view 
of an attentive obferver, a real fpecimen of thofe internal ftreams 
which we have juft been confidering in {peculation, -and-they 
may exhibit circumftances decifive of the opiritons here ad- 
vanced. For, if one of thefe ftreams had formerly been con- | 
nected with a lateral eruption, difcharged at more than 600. 
feet above the Atrio del Cavallo, it might poflibly contain the: 
carbonate of lime. But could we fuppofe that depth to.extend 
to 1708 feet, the interference of air-bubbles, and the a@ion 
of a ftronger heat than was merely required for the ation of 
the carbonate, might have been overcome. | , : 
Peruaps the height of Vefuvius has never been great endugli 
for this purpofe. But could we fuppofe A‘tna to be cleft in 
two, and its ftructure difplayed, as that of Vefuvius has juft 
been defcribed, there can be no doubt that internal ftreams of © 
lava would be laid open, in which the preffure muft have far 
exceeded the force required to conftrain the carbonic acid of 
limeftone ; fince that mountain occafionally delivers lavas:from 
its fummit, placed 10.954 feet above the level of the Mediterra- 
nean *, which wafhes its bafe. I recolle@ having feen, in fome 
parts of /Etna, vaft chafms and crags, formed by volcanic re- 
volutions, in which vertical ftreams of lava, fimilar to thofe of 
Somma, were apparent. But my attention not having been 
turned to that obje@ till. many years afterwards, I have only 
now to recommend the inveftigation of this interefting. 
to future travellers. 
Wuart has been {aid of the heat: 
nic ftreams, applies equally to that deeper and more general 
heat by which the lavas theminives are “melted and propelled 


* Phil. Tranf. 1774, P 595. 
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upwards. That they have been really fo propelled, from a 
great internal mafs of matter, in liquid fufion, feems to admit 
of no doubt, to whatever caufe we afcribe the heat of volcanoes. 
It is no lefs obvious, that the temperature of that liquid muft 
be of far greater intenfity than the lavas, flowing from it, can re- 
tain when they reach the furface. Independently of any actual 


eruption, the body of heat contained in this vaft mafs of liquid, © 


muft diffafe itfelf through the furrounding fubftances, the in- 
tenfity of the heat being diminifhed by flow gradations, in pro- 
portion to the diftance to which it penetrates. When, by means 
of this progreflive diffufion, the heat has: reached an afflemblage 
of loofe marine depofites, fubjed& to the preflure of a great fu- 
perincumbent weight, the whole muft be agglutinated into a 
mafs, the folidity of which will vary with the chemical com- 
pofition of the fubftance, and with the degree of heat to which 
each particular {pot has thus been expofed. At the fame time, 
analogy leads us to fuppofe, that this deep and extenfive heat 
muft be fubje& to viciflitudes and intermiffions, like the exter- 
nal phenomena of volcanoes. We have endeavoured to explain 
fome of thefe irregularities, and a fimilar reafoning may be ex- 
tended to the prefent cafe. Having fhewn, that fimall in- 
ternal ftreams of lava tend fucceflively to pervade every weak 


part of a volcanic mountain, we are led to conceive, that the | 


great maffes of heated matter juft mentioned, will be fucceffive- 
ly directed to different parts of the earth; fo that every loofe 
_affemblage of matter, lying in a fubmarine and fubterranean 
- fituation, will, in its turn, be affected by the indurating caufe ; 
and the influence of internal volcanic heat will thus be cir- 
cumfcribed within no limits but thofe of the globe itfelf. 
SERIEs of undoubted fats prove, that all our firata once 
lay ina fituation fimilar in all refpeéts to that in which the 
marine depofites juft mentioned have been fuppofed to lie. 


THE inhabitant of an unbroken plain, or of a country form- — 


ed of horizontal ftrata, whofe obfervations have been confi- 
VI.—P.[. ned 
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ned to his native {pot, can form no idea of thofe truths, 
which at every ftep in an alpine diftri@ force themfelves 
on the mind of a geological obferver. Unfortunately for 
the progrefs of geology, both London and Paris, are pla- 
ced in countries of little intereft; and thofe fcenes by which 
the principles of this fcience are brought into view in the 
moft ftriking manner, are unknown to many perfons beft 
capable of appreciating their value. The moft important, 
and at the fame time, the moft aftonifhing truth which we 
learn by any geological obfervations, is, that rocks and moun- 
tains now placed at an elevation of. more than two miles 
above the level of the fea, muft at one period have lain at 
its bottom. This is undoubtedly true of thofe ftrata of lime- 
{tone which contain fhells ; and the fame conclufion muft be ex- 
tended to the circumjacent ftrata. The imagination ftruggles 
againft the admiffion of fo violent a pofition; but muft yield | 
to the force of unqueftionable evidence ;. and it is proved by 
the example of the moft eminent and cautious obfervers, that 
the conclufion is inevitable *. 

ANOTHER queftion here occurs, which hes been well treat- 
ed by Mr Prayrair. Has the fea retreated from the moun- 
tains? or have they rifen out of the fea? He has fhewn, 
that the balance of probability i is incomparably in favour of 
the latter fuppofition ; fince, in order to maintain the former, 
we mutt difpofe of an enormous mafs of fea, whofe depth 
is feveral miles, and whofe bafe is greater than the furface 
of the whole fea. Whereas the elevation of a continent 
out of a fea like ours, would not change its level above a 
few feet; and even were a great derangement thus occa-_ 

fioned, 


* Saussure, Voyages dans les Alpes, tom. il. Pp. 99.—104. 
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fioned, the water would eafily find its level without the af- 
fiftance of any extraordinary fuppofition. The elevation of 
the land, too, is evinced by what has occafionally happened in 
volcanic regions, and affords a complete folution of the con- 
tortion and erection: of ftrata, which are almoft univerfally ad- 
mitted to have once lain in a plane and horizontal pofition. 
Wuarever opinion be adopted as to the mode in which the 


‘Jand and the water have been feparated, no one doubts of hanes : 
ancient fubmarine fituation of the ftrata. 
An important feries of facts proves, that they were likewife fab: 


terranean. Every thing indicates that'a great quantity of matter 
has been removed from what now conftitutes the furface of our 
globe, and enormous depofites of loofe fragments, evidently de- 
tached from mafies fimilar to our common rock, evince the action 
of fome very powerful agent of deftru€tion. Analogy too, leads 
us to believe, that all the primary rocks have once been covered 
with fecondary ; 3 yet, in vaft diftri@s, no fecondary rock ap- 
pears. In fhort, geologifts feem to agree in admitting the ge- 
neral pofition, that very great changes of this kind have taken 
place in the folid furface of the globe, however much they may 
differ as to their amount, and as to their caufes. 

Dr Hutton afcribed thefe changes to the action, durind 


very long time, of thofe agents, which at this day continue | 


flowly to corrode the furface of the earth ; frofts, rains, the or- 


dinary floods of rivers, &c. which he conceives to have acted — 


always with the fame force, and no more. But to this opinion 


I could never fubfcribe, having early adopted that of Saus- 


SURE, in which he is joined by many of the continental 
-geologifts. My conviction was founded upon the infpedction 
of thofe faéts in the neighbourhood of Geneva, which he 
has adduced in fupport of his opinion. I was then convinced, 
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and I ftill believe, that yaft torrents, of depth fufficient to over- 
top our mountains, have {wept along the furface of the earth, 
- excavating vallies, undermining mountains, and carrying away 
whatever was unable to refift fuch powerful corrofion. If fuch 

agents have been at work in the Alps, it is difficult to conceive 
_ that our countries fhould have been fpared. I made it therefore 
my bufinefs to fearch for traces of fimilar operations here. I was 
not long in difcovering fuch in great abundance ; and, with the 
help of feveral of my friends, I have traced the indications of 
vaft torrents in this neighbourhood, as obvious as thofe I 
formerly faw on Saleve and Jura. Since I announced my opi- 
nion on this fubject, in a note fubjoined to my paper on Whin- 
 ftone and Lava, publifhed in the fifth volume of the Tran/- 
-_ aétions of this Society, I have met with many confirmations — 
of thefe views. The moft important of thefe are derived from 
the teftimony of my friend Lord Sezxirx, who has lately 

met with a feries of fimilar facts in Noath America. 
Ir would be difficult to compute the effects of fuch an agent ; ; 
but if, by means of it, or of any other caufe, the whole mafs — 
of fecondary ftrata, in great tracts of country, has been remo- 
ved from above the primary, the weight of that mafs alone muft 
have been fufficient to fulfil all the conditions of the Huttenian 
Theory, without having recourfe to the preflure of the fea. But 
when the two preflures were combined, how Great muft have 
been their united ftrength! | 

WE are authorifed to fuppofe, that the alas of our ftrata, 
in this fituation, underwent the action of fire. For volcanoes 
. have burnt long before the earlieft times recorded in hiftory, as 
appears hy the magnitude of fome volcanic mountains; and it 
can foarcely be doubted, that their fire has acted without any 
eects ceffation evet fince the furface of our glabe acquired its 


prefent 
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_ prefent fate. In envending that fame influence to periods of 
ftill higher antiquity, when our ftrata lay at the bottom of the 
fea, we do no more than afcribe permanence to the exifting 
laws of nature. | 

combination of heat and from 
thefe circumftances, carries us to the full extent of the Hutto- 
nian Theory, and enables us, upon its principles, to account 
for the igneous formation of all rocks from loole marine depo- 
‘fites. 

THE fand would thus be changed to s thells to 
limeftone ; and the animal and vegetable fubftances to coal. 

beds, confiftmmg of a mixture of various fubftances, 
would be ftill more affeCted by the fame heat. Such as con- 
tained iron, carbonate of lime, and alkali, together with a mix- 
ture of various earths, would enter into thin fufion, and, pe- 
netrating through every crevice that occurred, would, in fome 
cafes, reach what was then the furface of the earth, and con- 
ftitute lava: im other cafes, it would congeal in the internal 
rents, and conftitute porphyry, bafalt, greenftone, or any other 
of that numerous clafs of fubftances, which we comprehend 
under the name of whinfone. At the fame tine, beds of fimi- 
lar quality, but of compofition fomewhat lefs fufible, would 
enter mto a ftate of vifcidity, fuch as many bodies pafs. 
through m their progrefs towards fufion. In this ftate, the 
particles, though far from poflefling the fame freedom as in a 
liquid, are fufceptible of cryftalline arrangement *; and the 

fubftance 


* Tus ftate of vifcidity, with its numberlefs modifications, is deferving of 
great attention, fince it affords a folution of fome of the moft important geologi- 
eal queftions. The mechanical power exerted by fome fubftances, in the act of 
afluming a eryftalline form, is well known. I have feen a fet of large and broad _ 

cryftals 
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fubftance, which, in this fluggith ftate, would be little difpofed 
to move, being confined in its original fituation by contiguous 


beds of more refractory matter, would cryftallize, without 


undergoing any change of place, and conftitute one of thofe 
beds of whinftone, which ps teeta occur interitratifiéd with 
fandtione and limeftone.. | 

In other cafes where the heat was more intenfe, the beds of 
fand, approaching more nearly to a ftate of fufion, would ac- 
quire fuch tenacity and toughnefs, as to allow themfelves to be ° 
bent and contorted, without laceration or fradture, by the in- 
fluence of local motions, and might affume the fhape and 
charaGer of primary fchiftus: the limeftone would be highly 
cryftallized, and would become marble, or, entering into thin 
fufion, would penetrate the minuteft rents in the form of cal- 
careous fpar. Laftly, when the heat was higher ftill, the fand 
itfelf would be entirely melted, and might be converted, by the 
fubfequent effects of flow cooling, into granite, fienite, &c. ; 
in fome cafes, retaining traces of its original ftratification, 
and conftituting gneifs and ftratified granite ; in others, flowing 
into the crevices, and forming veins of perfect granite. 

In confequence of the action of heat, upon fo great a quan- 
tity of matter, thus brought into a fluid or femifluid ftate, and 
in which, notwithftanding the great preflure, fome fubftances 


would be volatilized, a powerful heaving of the fuperincumbent 


mals muft have taken place; which, by repeated efforts, fuc- 
ceeding 


cryftals of ice, like the blade of a knife, formed ina mafs of clay, of fuch ftiffnefs, 
that it had juft been ufed to make cups for chemical purpofes. In many of 


my former experiments, I found that a fragment of glafs made from whinftone or 


lava, when placed in a muffle heated to the melting point of filver, aflumed a | 
cryftalline arrangement, and underwent a complete change of character. During 
this change, it became foft, fo as to yield to the touch of an iron rod; yet retained | 
{uch ftiffnefs, that, lying untouched in the muffle, it preferved its fhape entirely ; 
the fharp angles of its fraéture not being in the leaft blunted. 
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ceeding each other from below, would at laft clevate the ftrata 
into their prefent fituation. 


THE Huttonian Theory embraces fo wide a field, and com- | 
prehends the laws of fo many powerful agents, exerting their 


influence in circumftances and in combinations hitherto un- 


tried, that many of its branches muft ftill remain in an unfi- 
nifhed ftate, and may long be expofed to partial and plautible 


objections, after we are fatisfied with regard to its fundamen- 
tal doctrines. In the mean time I truft, that the objet of 
our purfuit has been accomplithed, in a fatisfa@tory ‘manner, 
by the fufion of limeftone under preffure. This fingle refult af- 
fords, I conceive, a ftrong prefumption in favour of the folu- 


tion which Dr Hutton has advanced of all the geological phe--- 


nomena; for, the truth of the moft doubtful principle which 
he has affumed, has thus been eftablifhed by direct experi- 


ment. 
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No. I. 


SPECIFIC GRAVITY OF SOME OF THE FOREGOING RESULTS. — 


S many of the artificial limeftones and marbles produced in 
thefe experiments, were poffefled of great hardnefs and com- 
pactnefs, and as they had vifibly undergone a great diminution 


of bulk, and felt heavy in the hand, it feemed to me an object of . 


fome confequence to afcertain their fpecific gravity, compared 
with each other, and with the original fubftances from which 
they were formed. As the original was commonly a mafs of 
chalk in the lump, which, on being plunged into water, begins 
to'abforb it rapidly, and continues to do fo during a long time, 
fo as to vary the weight at every inftant, it was impoffible, till 
the abforption was complete, to obtain any certain refult; and 


to allow for the weight thus gained, required the application of 


Vou, VI.—P. I. a. 
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a method different from that ufually vay ical in eftimating fpe- 

cific gravity. 
the common the fubftance is firft in-air, 
and then in water ; the difference indicating the weight of wa- 
ter difplaced, and being confidered as that of a quantity of wa- 
_ ter equal in bulk to the folid body. But as chalk, when fatu- 
rated with water, is heavier, by about one-fourth, than when 
dry, it is evident, that its apparent weight, in water, muft be in- 
creafed, and the apparent lofs of weight diminifhed exaétly to that 
amount. To have a juft eftimate, then, of the quantity of wa- 
ter difplaced by the folid body, the apparent lofs of weight muit 
be increafed, by adding the abforption to it. 

Two diftiné methods of taking fpecific gravity thus prefent 
themfelves, which it is of importance to keep feparate, as each 
of them is applicable to a particular clafs of fubjects. : 
One of thefe methods, confifts in comparing a cubic inch of a 
_ fubftance in its dry ftate, allowing its pores to have their fhare 

in conftituting its bulk, with a cubic inch of water. 

Tue other depends upon comparing a cubic inch of the fo- 
lid matter of which the fubftance is compofed, independently of © 
vacuities, and fuppofing the whole reduced to perfect meee 
with a cubic inch of water. 

Tuus, were an architect to compute the ines of a given 
bulk of earth, intended to load an abutment, which earth was 
dry, and fhould always remain fo, he would undoubtedly follow | 
the firft of thefe modes: Whereas, were a farmer to compare 
the fpecific gravity of the fame earth with that of any other 
foil, in an agricultural point of view, he would ufe the fecond 
mode, which is involved in that laid down by Mr Davy. 

As our object is to compare the fpecific denfity of thefe re- 
fults, and to afcertain to what amount the particles have ap- 

proached 
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proached. each other, it feems quite evident that the firft mode 
is fuited to our purpofe. This will appear moft diftinaly, by 
infpection of the following Table, which has been a fo 
as to include both. 


‘TABLE 
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TABLE OF SPECIFIC GRAVITIES. 


~ 


| | 
Weight in | Weight in | Weight in 
air, dry. water. | air, wet. | Columns IL& IV. or V.and |? one “| by new 
IT. 8c forption. VI. | mode. | mode. 
1. 125.90] 77-55|135-65] 47-35| 9-75] 7:74] 57-10|2:604] 2.204 
Qe 9-94] 6.13] 9.99] 3-81] 0.05] 0.50]  3.86/2.609]2.575 
15.98| 9.70] 16.02] 6.28] 0.25] 6.32/2.544/2.528 
4 3-33] 5-48] 2-14] 0.18] 2.15/2-556) 2.544 
s, | 18.04] 10.14] 18.06] 7.90} 0.02! 0.11] 7.92|2.283)2.277 
6. 6.48] 3-74| 7.10] 2.74] 0.62] 9.56)  3.36/2-365] 1.928 
7 10.32| 5.97] 10.36) 4.35] 0-04] 939] 4.39|2-372]2.350 
54°57] 31-30] 55-23] 23-27] 0.66] 1.21] 23.93|2-345] 2.280 
Q. 92.27) 41.10} 76.13] 31-17] 3-86] 5-34] 35-03]2-318) 2.063 
10. 37-75| 21-15| 38.30] 16.60] 0.55] 1-45] 17.15|2-274]2.201] 


II. 21.21: 12.55 21.26| 8.66] 6.05; 0.24 8.71 2.449] 2.435 


12. 


Marble 18.59| 11.56 18.61 0.02] 0.18] 7.05|2.644| 2.636 


504-15 302.40 1623.20: 201.75 119.05 | 23.61 320.80 2.498] 1.571 


264.35 1550-80 | 179.95 106.50 | 23.97 | 286.45] 2.469] 1.551 
C 


5 | 
7 
rammed 283.97, — — — 198.65} — |1.429 


iPowder. 


EXPLANATION. | 


Cotumn I. contains the number afhixed to each of the | 
fpecimens, whofe properties are expreffed in the table. | 
THE 
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Tue firft eleven are the fame with thofe ufedin the paper.read 
in this Society on the 30th of Auguft 1804, and publifhed in 
NiIcHOLson’s ‘Journal for. October following, and which. refer 
to the fame fpecimens. No. 12..Is a fpecimen of yellow marble, 
bearing a {trong refemblance to No. 3. No. 13. A fpecimen of 
chalk: No. 14. Shews the average of three trials with chalk. 
No. 15. Some pounded chalk, rammed in the manner followed 
in thefe experiments. In order to afcertain its {pecific gravity, 
I rammed the powder into a glafs-tube, previoufly weighed ; 
then, after weighing the whole, I removed the chalk, and filled | 
the fame tube with water. I thus afcertained, in a direét man- 
ner, the weight of the fubftance, as ftated in Column II., and. — 
that of an equal bulk of water, ftated in Golumn VIII. | 
- Cotumn H. Weight of the fubftance, dry in air, after expo- | 
fure, during feveral hours to a heat of 212° of FAHRENHEIT. 

Coxumn III. Its weight in water, after lying long in the li- 
quid, fo as to perform its full s and all 
being carefully removed. - | 

CoLtumn IV. Weight in air, wet. The loofe external moift- 
ure being removed by the touch of a dry slosh 3 but no time 
allowed for evaporation. 

V. Difference between II, wid or 

parent weight of ' water difplaced. | 7 

Corumn VI. Difference between Columns II. and or the 
abforption 

Cotumn VIL. . to a a per cemage of the 

Cotumn VIII. ‘Sum of Coluinm and VL, o or the 
weight of, water difplaced by the body. 

Conumn IX. Specific gravity, by the common ‘mode, refult- 
ing from the divifion of Column II. by Column V. __. 

CoLumn X. Specific gravity, in the new mode, ‘tefulting 
from the Grilion of Column Il. by Column VIII. 

THE 


| 
| 
| 
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Tue fpecific gravities afcertained by the new mode, and ex- 
preffed in Column X. correfpond very well to the idea which is 
formed of their comparative denfities, from other circumftances, 
weight in the hand. 

THE cafe is different, we attend to the refults of 
the common. method contained in Column [X. | Here the fpe- 
cific gravity of chalk is rated at 2.498, which exceeds confider- 


ably that of a majority of the refults tried. Thus, it would ap- _ 


pear, by this method, that chalk has become lighter by the ex- _ 
periment, in. defiance of our which evince an 


-denfity. 


Tuis.fingular refult conceive, this, in our 
f{pecimens, the faculty of abforption has been much more decrea- 
fed than the porofity. Thus, if a piece of crude chalk, whofe 


-fpecific gravity had previoufly been afcertained by the’common: 


mode, and then well dried in a heat of 212°, were:dipped in var= 
nifh, which would penetrate a little way into its furfaces and, 
the varnifh having hardened, the chalk were weighed in water, 
it is evident, that the apparent lofs of weight’ would now :be- 
greater by 23.61 per cent. of the dry weight) than ‘it had“been. 
when the unvarnifhed chalk was weighed in water; becaufe the 
varnith, clofing the fuperficial- pores, would: quite prevent the 
abforption, while it added-but- little to the weight of the mafs, 


and made no change on the bulk. In computing, then, the fpe- 


cific pravity; by means:-of: this laft réfult, the chalk would: appear 
very much lighter than at firft, though its wer: 6 had,’ in fact, 


been increafed by means of the varnifh. 


A sIMILAR effect. feems to ‘have been produced”: in of 
thefe refults, by the agglutination: of partial: fufion of part of 
the fubftance, by which. fome: the have been ‘tut out. 
from the water. 


| 

| 
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Tuts view derives fome confirmation from an infpeCtion of 
Columns VI. and VII.; the firft of which expreffes the abforp- 
tion ; and the fecond, that refult, reduced to a per ceatage of the 


original weight. It there appears, that whereas chalk abforbs | 


23-97 per cent., fome of our refults abforb only 0.5, or fo low 
as Q.11 per cent. So that the power of abforption has been re- 


duced from about one-fourth, to lefs than the ae hundredth of 


the weight. | 
I HAVE meafured the of bulk in par- 
| ticularly in that of No. 1 te. The chalk, when crude, ran to the 


the experiment, that it ran to the 161%; the dfodince amount- 


ting to 86 degrees. Now, I find, that WEDGWwoop’s gage tapers 


in breadth, from o.5 at.zero of the fcale, to o. .3 at the 240th 
degree. Hence, we have for one degree 0.000833. Confequently, 
the width, at the 75th degree, amounts to 0.437525; and at 


the 161ft, to 0.365887. Thefe numbers, denoting the linear 


meafure of the crude chalk, and of its refult under heat and 
compreflion, are as 100 to 83.8; or, in folid bulk, as 100 to 
57-§- Computing the denfities from this fource, they are as 
1to 1.73. The fpecific gravities in the Table, of the chalk, and 


this refult, are as 1.551 : 2-435 3; that is, as 1to 1.57. Thefe 


conclufions do not correfpond very exactly; but the chalk em- 
ployed in this experiment, was not one of thofe employed i in de- 
termining average fpecific gravity in the Table; and other cir- 
cumftances may have contributed to produce irregularity. 
Comparing this chalk with refult fecond, we have 165513 26575 
fo 1: 1.6602. 


TABLE 
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No. If. 


TABLE, 


CONTAINING THE REDUCTION OF THE HOReN MENTIONED 
IN CHAP. VII. TO A COMMON STANDARD. sae 


Number of | Bore,in de-| Preflurein | Tempera- | Depth of fea j Ditto in miles. | Preflure, ex- [| 
| experiment; cimalsofan} bundred |tureby |infeet. prefled in at- 
referred to | inch. weights. Weng- mofpheres 
finChap. VII. woop’s { 
pyrometer. 
I Q.75 3 22 | 170805 | 0.3235 51.87 Bi 
2 | %75 3 25 | 1708.05 | 0.3235 51.87 
3 | 075 10 20 | 5693.52 | 1.0783 | 172.92 
Q.75 10 31 | 52 | 1.0783 |} 172.92 
5 0.75 IQ 41 | 5693.52 | 1.0783 | 172.92 
6 0.75 10 51 's 93-52 | 1.0783 | 172.92 
4 0.75 - — | 5693.52 | 1.0783 | 172.92 
8 0.54. | | m= | 2196.57 | 0.4160 66.71 
mn — | 4393-14 | 90-8320 | 133.43 
— | 8896.12 | 1.6848 | 270.19 
19 0.75 21° 1 19708:05 
Ir | 075 25 | 2277.41 | 9.4313 69.70 |}, 
12 0-75. 2846.76 | 0.5396 | 86.46 | 


EXPLANATION. 


9 
j 
| 
| 
i 
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EXPLANATION. 


‘Cotumn I. contains the number of the experiment, as refer- 
red to in the text. Column II. The bore of the barrel ufed, in 
decimals of an inch. Colunin III. The abfolute force applied to 
the barrel, in hundred-weights. Column IV. The temperature, 
in WEDGwoop’s fcale. Column V. The depth of fea at which 
a force of compreffion would be exerted equal to that fuftained 


by the carbonate in each experiment, expreffed in feet. Co- — 


lumn VI. The fame in miles. Column VII. Comprefling force, 
expreffed:in atmofpheres. 


Boru Tables were computed feparately, by a eae Mr J. 


Tar dining data were employed. 
AREA of a circle of which the diameter is unity, O. 78 5398. 


WeicuT of a cubic foot of diftilled water, according to Pro-- 


feflor RoBIson, 998.74 ounces avoirdupais. 

MEAN fpecific gravity of fea- oe according to Bus ADH, 
1.0272. 

Mean heighth of the barometer at ve level of the fea 
29. 91196 Englifh inches, according to LaPLACE. 


SPECIFIC gravity of mercury, according to CAVENDISH and 
Brisson, 13.568. 
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IV... ,Of the, Sours of. GREATEST. AtrRaction, or those 
which, among. all. the, Soxips., that have certain Properties, 

Attract with the greatest. Force. na given Direction.” By 
Joux Prayrair, F.R.S, Lond, and Edin. and 


T= I at the Brow of 

fubmitting jto the Royal. Society, . were fuggefted by the 
experiments, which have. been made, of, late. years. concerping 
the gravitation of terreftrial, bodies, firft, by. Dr MASKELYNE, 
on the Attraction of Mountains, and afterwards by, Mr C AVEN- 
the Attraction of Leaden Balls. 

reflegting on, thefe, experiments, a “queftion naturally 
enough. occurred, what figure. ought a given mafs of matter to 
have, in order. that, it may. attradt,a, particle in a given. direc- 

tion, with the greateft force: poffible? This. feemed an inquiry 
not of mere curiofity, but one that might be of ufe in the fur- 
ther profecution of fuch experiments as are now referred to. 
On confidering: the. queftion. more nearly , 1 foon found, though 
it belengs, toa. clafs, of problems. of confiderable difficulty, 
which the CatcuLus VariaTionuM is ufually employed to re- 
folve, that it neverthelefs. admits of an eafy folution, and one 
leading to refults of remarkable fimplicity, fuch. as may intereft 
Vou. VI.—P. IL. , Mathematicians 
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Mathematicians by that circumftance, as well as by their con- 
‘nection with experimental inquiries. 

the problem thus propofed, ne. condition was joined to 
mogeneous matter being given. This ; is the moft general Rate 
of the problem. — It is evident, however, that other conditions. 
may be combined with the two preceding ; 3 it may be Yequ ired. 
that the body, fhall have a certain figure, ‘conical, ‘for example, 
cylindric, &e. and the problem, under fuch reftriGions; ‘thay- -be 
ftill more readily applicable to experiments thant in its’ moft. 
general form. A 

the queftion, limited, to common: 
method of Maxima and Minima, it leads to inveftigations 
that are in reality. confiderably’ inore difficult. than when it is 
propofed in its utmoft generality. 

Among the following inveftigations, there are alfo fome that 
havea particular reference to the experiments-on ALLIE 
A few years ago, an attempt made by!Lord Wess S 
mowR and myfelf, toward’ the rocks: 
compofé that mountain, ‘asmight a tolerable’ eftimate- 
of their fpecific and ‘théréby ferve to corred the:con- 
clufions, deduced from Dr Mask ery Ubfervations, concern- 
ing” the mean denfity of the earth: "The!account.of this furvey, 
and of the concliifions arifing Fron ‘belongs natarally the 
Soci iety. “under ‘whore’ ‘direction’ the’ ‘Original experiment owas. 
made ;, what ’is offered here) of dome of 
theorems ‘employed in. obtaining ‘thofe (Whew a: 
new element, the heterogenity of ‘the ‘mafs, di- 
{tribution of in the td he 
the calciilations the’ ettiploye@ by: Dr 
Ton could not Phe prdpefidions ithdeise- 
late to the ‘attraé of “a Jom 
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“ence, and will probably be found: of ufe in, alii inquiries con- 
cerning the difturbance of the diredtionaf thie, plum! b-line.by in- 
equalities, in the or denfity of the exterion. orutt 

THE firft of here: refolvett, treated, of 
by Boscovicn and his:falutiom is mentioned, in ithe catalague 
of his works, as: publifhed in the memoirs)of.a -philofophical fo, 
ciety at Pifa.. I have never; however, been able to: procure a 
fight of thefe memoirs, nor to obtain any account of the folu- 


tion juft mentioned, and therefore am fenfible of hazarding a 


good deal, when I treat of a fubject that rk a ffed through the 


hands of fo able a mathematician, with the conchr 


fions which he has come to, or the’ principlh es which he has em- 
ployed in. his inyeftigation. ‘In fach circumfances,: if ‘my re- 


fult is juft, I cannot reafonably expect it to be new; and I 


fhould, indeed, be much alarmed to be told, that’ it has not been 
anticipated,: ‘The ,other problems contained. paper, as 
the folid a of homogenes miter 
muft be: formed, in order to attract a particle giyen:in iia 
with the greateft force poflible, in a given disecti 
Ler A (Fig. 1, Pl..6,). be the particle giyen in pofition, AB 
the direction i in which. it is to be attracted and ACBH a fec- 
tion of the folid required, by a plane pafling through AB. — 
Since the attraction of the folid is a maximum, by hypothe- 
fis, any {mall variation in the figure of the folid, provided the 
uantity of matter remain the fame, will not change. the attrac- 
tion in the direGtion If; therefore, @'fmall tion of mat- 
ter be taken from any point C, in the esreret of the folid, 
and placed at D, another point in the fame fuperficies, there 
Aa 2 : will 


| 
| 
| 

| 

| 

| | 

| 


- 


_ will be no variation produced im the force — the fdlidea exerts 
on the particle A, in the direction on AB» HE 5 
‘curve ACB, therefore, is the of all the ‘in 
‘which a body being placed, will A inthe 
‘iredtion AB, -with the fame force. 
Tuts condition is fofficient to. nature. of the 
curve ABC. \\From:C; any point in that curve, draw CE per- 
then. maf of matter plabed. at | 


ed. m? od will be the attradion of at mals on A, i in ‘the di- 


redtion AG, ad 3 AE wi will bei its. the diredtion 


is. sconftant, it. be. té and d therefore 


the fe@tions: of folia by 
ailing through AB, have this. property, that AC?=AB?xAE; 
and as this equation is fufficient to determine the nature of the — 
curve to. which it belongs, therefore all the fections of the {o-. 
lid, by planes. that pafg through AB, are fimilar and equal: 
curves ; and the ‘lie ‘of’ conifeqiience’ thay be conceived’ ‘to be 


 geherated' by the revolution oF ACB, any one: of thefe. curves 


folid® generated’ may ‘be called. ‘the sitia of greate 
an ‘the’ Tine ACB, thie equal One. 


‘To. find he equation ‘Between the g-ordinates, of ACB, the 
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draw CE perpendicular to AB; let AB=a, 


EC=y. We-have foung AB*XAE=AC’, that i is, a 


or a" od +), , which 18 an equation to a line 


7 


HENCE y=0, both when x= and whenx=a. Alfoif x. 


be. fuppofed, greater. than impoflible, No part of the 
curve, therefore, lies beyond 


parts of the curve on ‘oppofite fides of the’line AB, are 
fimilarand: ‘equal; ‘becaufe the pofitive and negative values of 
are equal. There is alfo' another patt ‘of the curve on the fide 


of A, oppofite to B, fimilar and’ equal to ACB ;- for the'values | 


of y are the fame whether x be ees or negative. 


te shin: yalue ofy 

Let. AB= a, (Fig.-1.) AC =z, and. the BAG = 
Then- AE =AC X cof cof.¢, and = 23, or 
= % hence z= aN 

‘RO s formula a value of AC or 2 may ‘un if or 
the AC be. given ; and if it required. to'nnd z in 


ntfibers, it may be ‘conveniently caleulated from this expref: 
‘conftiuGion ‘may: alfe: be .eafily derived 


foom-its, ‘For if with:the' radius AB,.a‘circle, BEH be. defcribed 


from the centre A; if AC be produged to meet the circumfe- 


an T rence. 


1 
| 
; 
| 
| 
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ence in F, and if FG'te’ drawn ‘at right anigles ‘to AB; then 


= cot, ad fo = ax ap =VABxAG= 


THEREFORE, if the centre A, the diftance AB, a 
circle BFH be defcribed, and if a circle be alfo deftribed oii the 
diameter AB, as AKB, then drawing any line AF from. A, 
meeting the circle BFH in F, and from F letting fall FG per- 
pendicular on AB, interfecting the femicircle_ AKB in K; if AK 
joined, and AC made to AK, she C is in the 


For AK=¥V. ABS RE: the the’ 


and therefore AC = V AB xX: AG, which has. been fhewn to.be . 
property of the curve. In, this way, any, number of points of 
the curve may. be determined ;, and.,the Solid of greatef.. 


tion will be defcribed, as; already of 
this curve about the axts 


IV... 


‘To find the area of the curve ACB. | 

1. Ler ACE, AFG (Fig. 2.) be two radii, indefinitely near to 
one another, meeting the curve ACB in C and F, and the 
circle, defcribed with the radius AB, in E and G,. Let AC 
as before, the: angle BAC = 9, and AB =a.“ Then GE =a, 


and the area AGE= 44 Q, and fince AE’: AG: : Sect. AEG: 

Sect. ACF, the fector ACF=1 279. But = a’ cof 11 
whence the fector ACF, or the fluxion of the area ABC= cofg Q, 
and confequently the area ABC =4-a' fin 9, to which No con — 
ftant quantity need be added, becaufe i it beans when argh ‘or 


when the area ABC vanifhes. | 
Tux 
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, Tae whole area’ of the carve, therefore, is 4.2’, or AB’; for 
is ‘a, right.angle fing=1, Hence the area of the curve 
on both fides of AB.is.eqpal to the fquare of 


2. THE value of x, when y.1s a maximum, 18 cafily found. For 


when and therefore y isa maximum, x? or: 


HENCE, b the value y when a ‘maximum 


fore a:b fay OF a8 IT: 7 nearly 


radius of curvature tt A. 


ively to. A, ‘becomes the dhe. 
marti of tht cirele Having the fame curvature withaAGB at A, 


4 
this! vahse20f or + i—x, becomes jnfi- 


the divifor being in: that cafe 
meter; therefore, and the radius of éurvature at.A are infinite. . 


In other words, no circle, having its centre.in/AB produced, 
and pafling through A, can be defcribed with fo great a radius, 


yt, that, at. the point A, it will be the curve of ‘ 


THE. 


| 

| 
| 


a—*=0, or both the numerator and detis 


Tu folid of greateft attraction; then, at the extremity its 
axis, Where the attracted particle-is placed, ‘exceedingly’ flat, 
approaching more ‘early to’a plané'than'the fuperfieles afly 
fphere can do, however:great ‘its radius.v7 to sulay 


‘he To find. the radu of curvature at B, the other extremity of 
the axis, x* — we divide by a Ky. we have 


= But at when OF ‘Oe abfcifla 


2 


from B is the the circle 


having fame ‘carvature with’ ACB. ‘in. B. But when 


minator of 


the fradtion vanith, {0 that its ultimate yalue does 
ot, appear. To remove this difficulty, let a—x=2, or 


xma—z, then we But 


when z is extremely fimall, its powers, higher than the firft, 
and: therefore: (a—z)? = ( 


(re &c.) Therefor the equation 


A 


3 4 


| 
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Hence , or radius of curvature at ~The 


curve, therefore, at B falls wholly the circle BKA, 


{cribed on the diameter AB, as its radius of curvature is 
greater. This is alfo evident from the conftruction. - 

To find the force with which the folid above defined stra 
the particle A in the direction AB. 


Let 4 (Fig. 2.) be a point indefinitely near to B sal let the curve 


Acb be defcribed fimilar to ACB. Through C draw Cc D per- 


_pendicular to AB, and fuppofe the figure thus conftructed to re- 


- yolve about AB ; then each of the curves ACB, Acé will gene- 
rate a folid of greateft attraction; and the excefs of the one of 


thefe folids above the other, will be an indefinitely thin fhell, 
the attraction of which is the variation of the attraGtion of the 


folid ACB, when it changes into Ac d. 


AGAIN, by the line DC, when it revolves along with the reft 


of the figure about AB, a circle will be defcribed ; and by the 
part Ge, a circular ring, on which, if we fuppofe a folid of in- 


definitely {mall altitude to be conftituted, it will make the ele- . - 


ment of the folid fhell ACc. Now the attraction exerted by 
this circular ring upon A, will be the fame as if all the matter 
of it were united in the point C, and the fame, —— as if it 
_ were all united in B. 


Bur the circular ring by Cc, is =e (pc “) 
= 2aDCx Ce, Now 2DCxGc is the variation of y*, or 
DC, while DC paffes into D Cy and the curve BCA into the 


curve bc A; that i is 2DCX Ccis the of or of 
Vou. VI.—P. II. Bb taken 


— 
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Of the SOLIDS 
taken on the fuppofition that x is conftant and @ variable, 
viz. aks ax x, Therefore the fpace generated by Ce = 


4 


Ir this exprefiion be multiplied by x, we » have the element of 


| In order to have the folidity of the fhell ACBb c, the above’ 
expreifion mutt ‘be integrated relatively to that is, fappofing 


variable, and it is then at x3 a+ C. But C=6, 
becaufe the fluent vanithes when x vanithes, therefore the por- 
tion of the fhell at a, and when the whole 
thell = aa 
Now, he the whale quantity of matter in the fhell were unit- 


ed at B, its attractive force exerted on A, would be the fame 
with that of the thell ; therefo ore the whole force of the thell: 


= The fame. is true foe every other indefinitely 
which che may be fuppofed to be divided ; and 
| therefore the whole attraction of the folid i is equal to SS 475 a, 


fappoling variable, that i is: = 


HENCE 


Of GREATEST ATTRACTION. 107 


HENCE we may compare the attraction of this folid with. 


that of a fphere of which the axis is AB, for the attraction of 


that fphere = a? x 4 = == “The attraction of the folid 


ADBH, (Fig. 1.) i is, hatha to that of the pure on the fame 
axis as a t0 2% or as 6 to 5. 

5 
VIL 


- To find the content of the folid ADBH, we need only inte- 


grate the fluxionary expreffion for the content of the thell, viz. 
a’a. We have then = the content of the folid 


ADBH. Sincé the oie of the on the axis 4 is = 


6 
the content of the folid ADBH is to that of the {phere on he fame 


axis as. a? to 2 that is, as 4 wo} , or as 8 to 5. 
VIL. 
LastTLy, To compare the attraction of this folid with the at- 


traction of a {phere of equal bulk, let mn = any given mafs of 


matter formed i into the folid ADBH ; then for determining AB, : 
we have thi equation =m, and acm and there: 


i 

i 

| 

i 

‘ 
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fore alfo the attraction of the folid, (which is 3 ae m /38 
4 
AGAIN, if 1 m be formed into a phere the radius of that 7 


{phere = m N 3, and the ‘attraétion of it on a particle at its. 
| 


furface = (_3_ 
g? 


“Hance thie attraction of the folid ADBH, is to. that of a 


{phere equal to it, as m to m 35 that is, 


(an)! to (2 5)3, or as 3 to the cube-root of 25. 


THE ratio of 3 to 25, is nearly that of 3 to 3 — = or 


of 81-to 79; and this is therefore alfo nearly equal to the ratio: 


of the attraction of the folid ADBH to that of a — of equal. 
magnitude. | 


VIII. 


has been fuppofed in the that.the 
particle on which the folid of greateft attradtion exerts its force 
is in contact with that folid. Let it now be fuppofed, that.the. 
diftance between the folid and the particle i is given ; the folid 


being 
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being on one fide of a plane, and the particle at a given di- 
-_ftance from the fame plane on the oppofite fide. The mafs of 
matter which is to compofe the lolid being given, it is required 
to conftrucé the folid. 
_ Let the particle to be attracted be at A (Fig. 3.), from A draw 
AA’ perpendicular to the given plane, and let EF be’ any ftraight 
line in that plane, drawn through the point A’; it is evident 
that the axis of the folid required muft be in AA’ produced. — 
Let B be the vertex of the folid, then it will be demonftrated | 
as has been done above, that this folid is generated by the res. 
volution of the curve of equal attraction, (that of- which 


the equation is y* = ai x3 — x”), about the-axis of which one 
extremity is at A, and of which the — muft be found from 
the quantity of matter in the folid. : 

folid required, then, is a of the folid of great- 
eft attraction, having B for its vertex, and a circle, of which 
A'E or A’ F is the radius, for its bafe. , 

find the oud content of fuch a fegment, CD being 

and AC = we have y’ = - — x", and wy 


ax x = the a ' which is the element. of the folid feg- 
ment. 


‘THEREFORE #, or the folid intercepted be- 
tween B and D muft be wat x? +C.. This 
vanifh when * = 4, or when G comes to B, and therefore C = 


3 


| | 

i 

i 

| | 

| 

| 
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. The egment therefore : intercepted between B and 


5 
Tars alfo gives = a*, for the content of the whole folid, 


C, the line AC being x, ay at 


when x = 0, the fame value that was an by another me- 
thod at § vi. 


Now, if we fuppofe x to be = AA’, and to be fk 
ven = 34, the folid content of de fegment becomes 


Seat which be made equal to the 


given folidity we fhall =m}, and frees: this 
- equation 4, which is yet unknown, is to be determined. ” ‘If, 


5 


3 


then, for a? we put we have (7 +t 3 


5. 


THE fimpleft way. of refolving this equation, would. be 
by the rule of falfe pofition. In fome particular cafs, it 


may be refolved more eafily. ; thus, if 


4 


: bu =0, and = that is a? = 2 or a= 


bx = b 


15 

| 

| | — 
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x. 


+ ‘Ir it be required to Gnd the equation to the fuperficies of 


the folid of greateft attraction, and alfo to the fections of it pa- _ 


rallel to any plane pafling through the axis ; this can readily be 
done by help of what has been demonftrated above. 


Let AHB (Fig. 4.) bea feGtion of the folid, bya planethrough 


AB its axis. Let G be any point in the fuperficies of the folid, 
GF a perpendicular from G on the plane AHB, and FE a Per- 
pendicular from Fon the axis. Let AE =x, EF =z, FG = 

then x, 2, and v are the three co-ordinates by which the aaa 
ficies 1 is to be defined. Let AB =a, EH = =); then, from the na- 


ture af curve AHB, = a But becanfe the plane | 


GER is at right angles to AB, G and H are in the circumfer- 
ence of a circle of which E is the centre; fo that GE = EH 


Therefore EF + FG? = EH’, that is, z° + v =y’, and by 


fubftitution for in the former equation, = =a? x”, 


+ vy atx’, which isthe to the 
cies of the folid of greateft attraction. 


2. Ir we fappote EF, that is z, to be given = 6, and the fo- 
lid to be cut by a plane through FG and CD, (CD being paral- 
lel to AB), making on the furface of the folid the fection DGC ; 


and if AK be drawn at right angles to AB, meeting DC in K, 
hat we have, by writing 4 for x in either the preceding equa- 
tions, —x*, and for the 


equation of the curve DGC, the co-ordinates being GF and 


| 
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Tuts equation alfo belongs to a curve of equal attraction; — 
the plane in which that curve is being parallel to AB, the line 
in which the attraction is eftimated, and diftant from j it-by the 
{pace b. 

InsteEap of reckoning the abfcifla from K, it be made 
to begin at C. If AL or CK =4, then the value of 4 is deter- 


mined from the equation J* = a and if + x, u 
being put for CF, v = + — (b+ 2’, or 


v + (6+ 2)" at (6+ or (v' + 
| 
WHEN 3 is equal to the maximum value of the ordinate EH, 


{1v. 2.) the curve CGD goes away into a point ; and if 4 be fup- 
_ pofed greater than this, the equation to the curve is impoflible, 


X. 


TueE folid of greateft attraction may be found, and its pro- 
perties inveftigated, in the way that has now been exemplified, 
whatever be the law of the attracting force. It will be fuffi- 
cient, in any cafe, to find the equation of the os curve, — 
or the curve of equal attraction. 

Tuus, if the attraction which the ae C (Fig. 1 .) exerts on 
the given particle at A, be inverfely as the m power of the di- 


or as 


io then the attraction in the direétion AE 
will be ———_— AE and if we make this we have 
AC 


AB’ 


| 

| 

| 

| 

AB 
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i 


or aking AES = EC = =y, and | AB = as s before, 


AB” 


ory = = = 


- being that of a circle of; which the diameter is AB. tf, 
therefore, the attracting force were inverfely. as the diftance, the 

| folid of greateft attraction would be a fphere. __ 

‘Tr the: force be inverfely as the. cube of the diftance, or 


belongs to a line of the 4th order. : 


Ir m= 4, and m+ 1 = 5, the equation is y* ‘al - 
which belongs to a line of the roth order. 


general, if m be an even number, of che.curve 


as EEX but if m be an odd number, + 


the manner that the folid of greateft. attradtion. has 
been found, may a great class of fimilar problems be refolved. 
Whenever the property that is to exift in its greateft or leaft 


degree, belongs to all the points of a plane figure, or to all the 


points of a folid, given in magnitude, the queftion i is reduced to 


the determination of the locus of a certain equation, juff as in 


the preceding example. — 
VoL, VI.—P. Ler 


m= 1, oF ‘ach I = 2, this equation 9° = x", 


| 

| 


904. OL TO - 


— Ler it, for inftance, be required to find a folid given in mag- 
nitude, fach, that from all the’ points in it, ftraight ‘lines being 
drawn to any afligned number of given points, the fum of the 
fquares of all the lines fo drawn fhall be a minimum. It will 
be found, by reafoning as in the cafe of the folid of greatett: at. 
traction, that the fuperficies bounding the required folid mutt 
be fuch that the fum of the {quares of the lines drawn from any 
point in it, to all the given points, muft be always of the fame 
magnitude. — Now, the fum of the {quares of: the lines drawn 
from any point to all.the given points, may be -thewn by 
plane geometry be equal to the. {quare of ‘the :linedrawn 
to the centre of gravity of thefe given points, multiplied: by ‘the 
number of points, together with a given:fpace. ‘The line, there- 
fore, drawn from any point in the required fuperficies to the 
centre of gravity of the given points, is given ‘in magnitade, 
and therefore the fuperficies. is that: of a! Aphere, having ; for-its 
centre the centre of gravity of the given points. — 

THE magnitude of the {phere i ‘is next the 
condition, that its folidity i is'pivens to ori! 2 0% eouolod doidw 

In general; if x, and 2,:are three: ‘co-ordinates 
that determine the pofition of any, point of a. folid: given in 
magnitude, and if the value of a certain function Q: of x, y and 
z, be computed for each point of the folid, and if the fum of 
all thefe values of Q added tagether, be a maximum or a mini- 
mum, the folid is bounded by a fuperficies in which the func- 


bounding the folid fich thie: ‘a €ob- 
‘Tue fame Hild" ‘of plane’ is thén 


-fimpler, as there are only two co-ordinates, fo, that fi Q is 
the 


~ 


j 

f 

| 

| 

f 

| 

pie integral x} ¥j O32 .be the. greateit or :leait 

2 
j 


f 
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the quantity that is to be a maximum or a minimum, and the 
line bounding the figure is defined by the equation Q=— A 

Aut the queftions, therefore, which come under this deferip- 
tion, ‘though ‘they ‘belong to ai’ order Of problems, which re-_ 
quires in general the application of one) of the’ moft tefitied in. 
ventions of the New Geometry, the! Calerlhis Variationuim, form: 
a particular? divifion’ admitting of refélution: by much* 
means; ‘and dired@ly reducible-to the conftruction of loci.’ 

thefe problems alfo; ‘the fyritheti¢al démonftration will be 
- found extremely /"In the inftance of ithe folid'ef 
eft attraction this holds remarkably. Thus, it is obvious, that 
-any *patticle of mattér placed without. the carve 
ACBH, ‘will attra the: particle at A‘in'the dire@ion AB, lef 
than any of the’particles ‘io that curve/and that ‘any patticle of 
matter within the ‘curve; ‘will attrad ‘the’ particle ‘at A’ more 
than any particlé'“in’the carve, ‘and’ more, @ fortiori; than atiy’ 
particle without the curve. The fame is true of the whole 
fuperficies of the’ folid. the figure: of the’ folid be 
any how’ changed,’ while: its quantity:“Gf matter-rémiains' the 
fame, as much matter mutt be expelled from within the far! 
face, at fome one place C, as is accumulated without the. fyr-. 
face’ at’ fome other point H. But the action of : “any quantity of 
matter within the fuperficies ACBH on A, is greater ‘than the 
action of the fame without the fuperficies ACBH. ‘The folid 
ACBH, therefore, ‘by any ‘change of its figure, ‘muft lofe more 
attraction than it gains ; that is, its attraction is diminithed by 
every fuch change, and sherefore i it 18 itfelf, the folid of ‘great 
eft attra@tion.- QS ED. 


Ce2 | XI. 


f 

| 

| 

Pad 


\ 


_ Tue preceding theorems relate to the folids, which, of all 
folids whatfoever of a given content, have the greateft attrac- 
tion in a given direction. It may be interefting alfo to know, 
among bodies of a given kind, and a given folid content, for 
- example, among cones, cylinders, or parallelepipeds, given in 
magititude, which has the greateft attractive power, in the di- 
rection of a certain. line. We hall with the 
cone. 
ABC (Fig. 5+) be a cone of which the axis is AD, rée- 
quite: to find the angle BAC, when the force which the cone 
exerts, in the direction AD, on the particle A at its vertex, is 
greater than that which any other cone of the fame folid con- 
tent, can exert in the direGion of its axis, | ona particle at its 
vertex. 
It is known, if be of the circle of | 


which the radius is 1, that is, if = 3.14159, &c. that the at- 


traction of the cone ABC, on the particle A, in the direction 
AD, is = a5) (SimPson’s Fluxions, vol. ii. 
Ler AD= , AB = 2%, the folid content of the cone = 
and its attradtion = A. 


x? 
THE quantity x ——, is to be a maximum, and therefore, 
| 7 


AGAIN, | 


| 
| 
| 
| 
| 
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AGAIN, from the- equation —*)= = 3m, we have 


x — 3x°x and and by 


x 


tuting this value of 2 in the ie rk we have 


x 


x3 


As this equation is homogeneous, if we make = =u, we will 


obtain an equation involving P only, and therefore deter- 
mining the ratio of z to x, or of AB to AD. Subftitu- 


ting, accordingly, uz for x in the laft equation, \ we have : 


+3 2" =9, and 1— 5 
Tals equation is obvioufly by and when fo 


divided. gives 3 3u—1=0, or Whence 


{ 


Tans j is the value of =, and muft be than unity, 


becaul AB is greater chin AD, thi value of u, or 
is fo that v= —! = 45761 
| nearly. - 


Nos. t— -2. = the. cofime of the angle BAD, or half the 
angle of the cone ; therefore ses wee = 62°. 46’ nearly. | 


As 


As the tangent of 62°. 46' is mot, far, from -being double of 
the radius, therefore the cone of greateft attraction has the ra- 
dius of its bafe nearly double ‘of its altitude. -- 

To compare the attrattion’of this cone with that of a Gsice 
containing the fame quantity of matter, we muft expref! s the 
attraction in ‘terms of #, the’ ratio of x to > & which has now been 


found. 
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| : 


BECAUSE % (z*— x") = 3m’, and 


m3, x= 
3 
xX = m3, 


But if A’ be the atcragtaon of a ‘here of which the mats is 


“on ye patie ‘at ‘its Ae 16 = 


2 

2(1+4) 


‘Ir, in- expreffion, we fubftitute 45761. for u, we thall 
A:A’:: fo the attraion of the cone, 


| 
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when a maximum is “about 4 the of a {phere 
of folidity. 


e 


‘ 


“Or all the given in or quantity of matter, to 
find, that which fhall attract a particle, at the extremity. ,of. ‘its 
axis, with the greateft force. | 
_ Let DF (Fig. 6.) be a Gylindertf-whébh-the axis is AB, if AC 
be drawn, the attraction of the cylinder on the particle A is 
(AB arid we have therefore to’ find when 


AB + BC— AC is a maximum, fappofing AB. ‘BC! to be equal 
toa 2 given folid, 


‘Lar Ase then AC = Oe 


ty that is to be a: ‘maximum ise+y—Ve ty. Wel have 


13.75 


Bur fince xy" =m, #0, OF 


es dors ot carbs to Sto syd 
HEREFORE 


* Lib. I. Prop. Alfo Simrsow’s Fluxions, vol. 11. § 379. In 
‘the’ former, the conftant multiplier 2 is omitted, as it is in fome other of the 
theorems relating to the attrattion of bodies. This requires to be particularly 


attended to, when thefe propofitions are to be employed for comparing the at-_ 
traction of folids of different {pecies. 


| 
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(2 r—y) (*+-y")? =2 
As this equation is homogeneous, if we make =4, sid 2 
both | and y bey, be exterminated. For we ‘have by 


r 
é 


(2—2)- G ; ifquating: both ‘de, 


this, by multiplying and reducing, we get. Qu 


a 


2. Tu two. values of “in this aia create an ambiguity 
which cannot be removed without fome farther inveftigation. 
If A be the attradtion of the cylinder, then A= 


+"), into whieh expreffion, if we. introduce u, and exter- 
minate both z and Ws by help of the equations =m? , and 
I u— 1+ 


at 


NoTWITHSTANDING the radical fign in this formiila; there 
is but one value of A, correfponding to each value of .u, as the — 
root of is applicable to the pro- 

_ blem. 
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blem.. This is evident, becaufe the, attraction muft vanith 
when y=0, and when x = 0; that is, both when z is nothing, 


and when it 1s, infinite. The can. Happen NI 
4S negative. 6 OF 
Faataen, ‘the value of A is (es it to 


: be), r+u being greater than vite, becaute i it is the {quare- 
root of 1 2u-+u’. 


* 
SEY 


ceived, by. fuppofing | A to be the ordinate of a curve in which 
the abfciffte are reprefented by the fucceflive values of vu. Thus, 
if OP (Fig. 7.) =, and PM =A, the locus of M is a curve of 
the ~s OMM’, which interfects oe axis at O, and has the or- 


dinate PM a maximum, when OP = =I=v17, beyond PM the | 


curve has a point M of it becomes convex 
_ toward the axis OR, and afterwards approaches; OR continually. 
It has ‘alfo another branch mm’ qprrefponding to the af- 


firmative ‘values of : ora which has the perpendicular 0Q 
for an affymptote ; ; and has the Pm a minigum, 


when 2 After pafling the point where P 
minimum, this of the curve recedes ‘coutinually from 


the axis OR. Befides.thefe, there are other two branches of 
the fame gurve, on the oppofite fide of OQ, anfweting to: the 


negative values of uw. It is, however, only the firft-mentioned 
of, thefe. four branches that is connected with the mechanical 
quetti ion éonfidered here. 


VoL. VI.—P. II. D d THE 


> 
| 
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THE attradion is a maximum, therefore, when | 


| that is, when y is to x, or the radius of the bafe of the cylinder, 


to its altitude, as g>—\/17 to 8, or as § to 8 nearly. Therefore 
alio the diameter of the bafe is to the altitude, when the at- 
traction of the cylinder 1 is _— as epi 17 to 4, or as 8 5 to 
4 nearly. 


5. THE attraction of the cylinder, when a icilaiain is now 
to be that of a of Conitent. 


to compute the quantity + when 
fO: 


= 6096, fince = 37161, = 1. 137161, 


1.57116 5 fo that r+ 


ALso becaufe u = .37161, 718945 5 and therefore 


J. 


Now, if A’ be the of a of the 
mx | and: At: : 2x 4384 | 


mx. 


8 


| 
| 
| 
| 
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one 1.2114; or as 1218 to rant 3 fo that the attraction of 
the cylinder, even when its form is moft advantageous, does 
not exceed that of a fphere, of the fame folid content, by more 

6. ‘Ina ‘note on one of the letters of G. Le 
lifhed by M. Prevost of Geneva *, the following  theo- 
rem is given concerning the sfunition of a cylinder and a 
fphere: If a cylinder be circumfcribed about a fphere, the 
particle placed in the extremity of the axis of the cylin- 
der, or at the point of contact of the fphere, and the bafe 
of the cylinder, is attraéted equally by the fphere, and by that 
portion of the cylinder which has for its altitude two-thirds of 
the diameter of the fphere, and of which the: gers te is there- 
fore juft equal to that of the fphere. 0 

‘WE may inveftigate this theorem, by feeking the altitude of 
fuch a part of the circumfcribing cylinder ‘as  fhall have the 
fame attraétion with’ the’ fphere at the point-of conta@. If 
be nee radius’ ‘of the bs wager the attraction at any point of 


its farface, is is ; and if. be the altitude of the cylinder, 


and the radius of its ‘bale then its setradiion on a ‘a:particle at 
the extremity of its axis is 27(e-+r—Nz'-+r’). Since thefe 


attractions are fuppofed equal, Qn (t-+-r— J 


* Norticz de la vie de G. L. Lz Sace de Genéve, par P. PREVOST, p. 391. 


| 


- 
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Tue altitude of the cylinder is therefore ; of the radius, 
or ; of the diameter of the {phere, which is Le Sa GE’s Theo- 


rem. 
THIs cylinder is alfo known to be exqual i in folidity to the 


- fphere; but its attraction is not greater than that of the latter, 
-becaufe the proportion of its altitude to the diameter of its 


bafe is not that which gives the — attraction. Its alti- 


tude is to the disimeter of its bafe, as str r to 2r, or 4 to 6; in 


to the preateh effect, it mutt be as 4 to ‘5 neatly, 


NoTWITHSTANDI NG, that the 66. the one of 
thefe cylinders is confiderably different from that of the other, 
their attractions are very nearly equal; the one of them being 
the fame with that of the {fphere, and the other greater than it 


by about the 183d part. On each fide of the form which gives 


the maximum of attraction, there may be great variations of 
figure, without much change in the attracting force. . _A fimi- 
lar property belongs to all quantities near their greateft or leaft 
ftate, but feems to hold “oy | in what — the attrac- 
tion of bodies. a 


XIV. 
I nN confidering the attraction of the Mountain Sheballien, 
in fuch a manner as to make a due allowance for the heteroge- 
neity of the mafs, it became neceflary to determine the attrac- 
tion of a half cylinder, or of any fector of a cylinder, on a 
point fituated in its axis, in a given diredtion, at right angles 
to 


| 
| 
| 
| | 
| 
| 
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to that’axis. The folution of this problem is much connected 
with the experimental inquiries concerning the attraction of 
mountains, and affords examples of maxima of the kind that 
form the principal object of this page. The following lemma 
is neceflary to the folution. 

Let the quadrilateral DG (Fig. 8.) be the indefinitely fmall 
bafe of a column DH, which has everywhere the fame fection, 
and is perpendicular to its bafe DG. 

Let A be a point at a given diftance from D, in the plane 
DG; it is required to find the force with which the column 
DH attracts a particle at A, in the direction AD. 

_ Ler the diftance AD =r, the angle DAE = 9, DE (fappo- | 
fed variable) =y, and let EF be a fection of the folid parallel, 
and equal to the bafe DG; and let the area of DG = m’. | 


TueE element of the folid DF is m’¥ 5; and fince DE, or: 


raring, fo that the clement of the: 


folid = r. 7 
‘Tins quantity divided by AE’ that i is, fince AE: AD:: 
cof by aoe gives the element of the attraction. in the direc- 


‘tion AE equal to meg x ook ee, To reduce this to the 


ditéétion AD, it muft be multiplied into the cofine of the angle: 
DAE or @, fo that the element of the attraction of the column. 


im diredion AD and the attraction itfelf 


WHEN: 


| | 
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WHEN 9 becomes equal to the whole angle fubtended by the 
column, the total attraction is equal to the area of the bafe di- 
vided by the diftance, and multiplied ie ot fine of the — 
of elevation of the column. 

_ Ir the angle of elevation be 30°, the sikraftion of the co- 
lumn is juft half the attraction it would mee iappoting: | itex- 
tended to an infinite 

In this inveftigation, m” is fuppofed an jnfinitefimal; ie if 
it be of a finite magnitude, provided it be fmall, this theorem 
will afford a fufficient approximation to the attraction of the 
column, fuppofing the diftance AD to be meafured from the 
centre of gravity of the bafe, and the angle 9 to be that which 


is fubtended by the axis of the column, or =e its eaigentied: 
height above the bafe. 


Lzt the femicircle CBG (Fig. 9.), having the centre A, be the 
_bafe of a half cylinder ftanding perpendicular to the horizon, | 
AB a line in the plane of the bafe, bifecting the femicircle, and 
reprefenting the direction of the meridian ; it is required to 
find the force with which the cylinder attracts a particle at A, in 
the direction AB, fuppofing the radius of the bales: and. ‘the alti- 
tude of the cylinder to be given. 

DF be an indefinitely fmall containéd be- 
tween two arches of circles defcribed from the centre A, and. 
two radii drawn to A; and let a column ftand on it of the fame 
height with the half aulinde?, of which. the bafe is the femi- 
circle CBG. Let z= the angle BAD, the azimuth of D; 
v= the vertical angle fubtended by the column on DF; a= 


Of GREATEST ATTRACTION. 217 


the height of that column, or of the cylinder, AD =x, AB, 
the radius of the bafe, =r. 


By the laft peopofivion, the column flanding on DF, exerts. 


on A an attraction in the direétion AD, which is = 


| 
Now Dd=é, Df=xi,and Dax Therefore 


the attraction. in the direction AD. is x fin v = x % fin Vy. 


and reduced to the dire@tion AB, it is #2 fin v x cofz, 

-Tuus- is the element of the attraction of the cylindric fhell 
or ring, of which the radius is AD or x, and the thicknefs # ; and: 
therefore mtegrated on the fuppofition that z only is variable, 


and x and o conftant, it gives #fin wf %cofs =#finv x fine 
for the attraGion of the fhell. When z= go, and fin z = i. 
we have the attraction of a. quadrant of the hell = # fin v, and. 

therefore that of the whole femicircle = 2 * fin v.. 


Next, if x be made variable, and confequensly Vv, we one 
2 f fin.v the attraGtion of the femi-cylinder. 


Nowtheanglev wouldhave for its fine the radius were va +x",. 


and fo. Gn the ‘<a is 


Na FF) +05 and as this. mut va- 


nih when = 0, 2aLa+Cxo, and C= fo: that 


s | 
} 
| 
| 
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the fluent is 24 Lit which, when x= the 


attraétion of the femi-eylinder = =2aL 
expreflion i is very and very convenient in 
culation. It is probably needlefs to remark, that the ner 


XVI. 
Let it be required to find the figure of a femi-cylinder gi- 
ven in magnitude, which fhall attra@ a particle fituated in 
the centre of its bafe with the greateft force poflible, in the di- 


rection of a line bifecting the bafe. 
THE attraction of the cylinder, as demonftrated, is 


Fa and becaufe the folid is fappofed t to 


in magnitude, we may put. ,ora=— 3 fo that the formule 


‘pe 


Now we may fappole m=1, and then the attraction of the 


| 

| 

| 
THIs 
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Tus formula vanithes whether r be fuppofed infinitely 
great or infinitely finall, and, therefore, there muft be fome 
magnitude of 7 in its vere, the 


ris very fimall in refped of = +5, and. 


fo +r = or. fmply = 


L (147%), if ri is very fmall in of ta darks 
fore the ultimate value of the formula, when r is ey 


fall, is 2xri=ar, which i is alfo fmall. 


the formula is 2X3 ‘But the logarichm 


of an ‘infinitely great quantity r, is an infinite of an order i in- : 
comparably lefs than r, as is known from the nature of 
logarithms, Fontana. “Difquifitiones Phyf. Math. 


de Infinito  Logatithmico, 0, Theor. has is. let 


or than But © = is infinitely fmall, r being infinite. 


ly great, aad therefore} nes the radius of the cylinder. be- 
comes infinitely great, its folid content remaining the fame, 
its attraction is lefs even than an infinitefimal of: a firft or- 
der. 7 

THE determination of the maximum, by. me- 
thed, leads to an exponential equation of confiderable difficulty, 
if an accurate folution is required. It is, however, eafily found 

Vox. VI.—P. II. Ee by 


than 


But 
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maximum, 7 is Therefore: becaufe 


r is is nearly to a 35, or or as to 125 ; con- 
fequence, is, pane ‘the? ratio, of the radius of: the’bafe, to the 
altitude of the half-cylinder, when its attraction, eftimated + 


the sid of the Problem, is = 
fible;.: mot to suis 


determine the’ oblate of a which 
thall attract a particle at its pole with the greateft force. . 


Ler theré be an oblate fpheroid generated by the: ‘revolution. 
of the ellipfis ADBE (Pl. 7. Fig. TO.), about the conjugate 


axis AB, and let F. be the focus ; “then, if AF be rawn, and. 


the arch CG defcribed.. from ‘the ce entre ‘A, ihe: orce ‘with 
the fpheroad draivs a at in the’ direction AG, 


Ler this force =F, AC =a; cD =4, arivle CAF=¢3 


3 
a tan.g? 


Now if m> be the folidity of the fpheroid; finge that: 
‘is two-thirds of the having cD: for’ the radius of ‘its. 


multiplier 2, omitted by is reftored as above, 
§ XIII. 


| | 
| 
| 
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“AB for its altitude ; therefore m3 X24 


But becaufe AF:AC::1: cof or b:a::1: colo, 


Now ‘finge —,,camid alfo = have—* 


i 

| 

a 

en 


{ii @ loz fist) \y joo 
and a =n cof +2 
By this — of, fate F 
— 42% .9 
and. becaufe tan 93. 
3 


Now when the product of any number of factors is a 
mum, if the fluxion of each factor be divided by the fattoriem 


tal E € 2 felf, 


| 
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felf, the fum of = is equal to _Therefgre 


cote 


cofe’(tang—e) 3cofo 


| 


3.cot 


atang-+9coto 


Ler tang = t, then = = 


ot 


‘THE 


| 
| 
| 
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Tue value of 9, now found, is remarkable for being a near 
_ approximation to any arch of which ¢ is the tangent, provided 
that arch do not exceed 45°. The lefs the arch is, the more 
near is the approximation ; but the expreffion can only be con- 
fidered as accurate when 9 = oO. 


Tuts will be made erent by comparing the fraction 


with the feries, > that gives the arch i in terms of the 


terms of thefe feries agree; and in the third terms, the differ- 
ence is inconfiderable, while ¢ is lefs than unity ; but the aptce- 
ment is never entire, unlefs t = 0, when both feries vanith. 

Tue attraction, therefore, or the gravitation at the pole of 
an oblate {pheroid, is not a maximum, until the eccentricity of 
the generating cllipfis vanith, and the fpheroid -pafs into a 
fphere. 

From the circumftance of the value of 9 above found, agree- 
ing nearly with an indefinite number of arches, we muift con- 
clude, that when a fphere paffes into an oblate fpheroid, its at- 
traction varies at firft exceeding flowly, and continues to do fo 
till its oblatenefs, or the eccentricity of the generating ellipfis, 
become ie great. This may be fhewn, by taking the value. 
of F, and i fubftituting 1 in it that of g, in terms of tan ¢ 


we have and fince g = tan — 


~ 


| | 
| 
| 
—— 3 
tane 
| 
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4 


ed 


on __ tan ‘tan 


and fince 2 = m . vies 


which is the attraction at the furface of a of 


the folidity m3, as was alfeady fae This laft is the con- 
clufion we a to expect, the ‘{pheroid, when it ceafes to. have 
any oblatenefs, becoming of neceflity a {phere. 

Ir is evident alfo, that the variations of 9 will Bie little af- 
fed the magnitude of F, while and tan are ‘fmall, as the 
leaft power of tan ¢ that enters into > the value of is 


“For, inftead of cof. we may, whet ¢ is very write 
tan g's fo that F= i+! 


Ir the oblatenefs of a {pheroid’ diminith, whilé its quantity 
of matter remains the fame, its attraction will increafe, tills the 
oblatenefs vanifh, and the fpheroid ‘become a fphere, when 
the attraction at its poles, as we have feen, becomes a maxi- 
mum. If the polar axis continue to increafe, the {phe- 

‘roid 


| 
| 

37.4 

m if 

| 

| 

| 
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roid’ becomes oblong, and’ the ‘attra@tion at ‘the poles‘ again di- 


minifhes. This we may fafely conclude from the law of con- 
tinuity, though the oblong fpheroid: has ‘not been’ 
confidered. 


To find the force with which a particle ‘oben matter is attragted 
by a parallelepiped, in a a direction perpendicular, to any. of its 
ida 
‘Tet EM (Fig. II ‘De | a parallelepiped, “having the 
thicktiefs CE indefinitely fmall, A, a particle fituated any where 
without it, and AB.a perpendicular to the plane CDMN.: The 
attraction in the direction AB is to be determined. : 
_ Ler the folid EM be divided into columns perpendicular to 
the plane NE, having indefinitely {mall re@tangular bafes, and 
let CG be one of thofe columns. 
_ Ir the angle CAB, the azimuth of this ‘columi relatively to. 
AB, be called z, CAD, its angle of elevation from ‘A, ¢, and m’,. 
the area of the little reGangle CF; then, as has been already 
the attradtion of the eglumn, CG; in the direction AG, i is. 


= 
ain 


. fine; and. shag tome reduced to she ion 


is This is the in 


a 


of the folid, and if w we call that attraction f, = = xC fin e. cof %.. 
| if AB =a, becaufe cofz:: se: AB, AC=— 


fo that f fine . cof2’. 


But 


i 
; 
| 
i 
| 
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Bur BC =a4.tanz; and therefore KC, the fuxion of BC, is 


| ite 


and fubftituting this for m’ we get —nz. fine. 


Next, to exprefs fin ¢, in terms of z, if we make E = BAL, 
the angle fubtended by the vertical columns, when it is -great- 
eft, or the inclination of the plane ADM, to the plane ACN, 
Sthen we may confider the angle CAD, as meafured by the fide 
of a right angled fpherical triangle, of which the other fide is 
go—z, and E the angle, adjacent to that fide, and therefore 
tane = fin (go tanE = cofz. tan E. But = 


BL 
BA 


Sppoting BL, or CD = = 


b 
THEREFORE tane = —cofz, or = cof 
| a 


fine* = cofz*; and therefore fine = 


a 


B 
rf I +- col z | 

Ir this value of fine be fubftituted for it, we have 
bnzcofz 


al += 


fanz. fine= 


\ 
| 
| 
| 
| 
| | LET 
| 
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Let w=finz, then 2, and cof 2" = = ; where- 


al 


fore, again, by ‘toon, fez = 


bnu 
at 


bu 


Ir, be fach an arch, that =fin = 


gcofe 

confant quantity. Yo. 
“Now, fince fin 9 = ¢ is nothing when is 


nothing ; and as f may be fuppofed to begin when = begins, we 
have likewife B= 0}; and, f= 29 multiplied into an arch, 
the fine of which is to the fine, of the given ratio of ¢ 


f= BC BL BO’ 
Or f is fach that = fins AL” 


| bnu | 

an! + = (1 
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_ Hence this rule, multiply the fine of the. greateft elevation, 
into the fine of the greateft azimuth of the folid ; the arch of 
which this is the fine, multiplied into the thicknefs of the fo- 
‘Tid, is equal to its attraction in. the direGion: of the: 
dicular from the point attraéted. 

Tue heighth and the length of the parallelepiped, are, there- 
fore, fimilarly involved in’ the expreffion'of the. force, as 
ought evidently to be from me nature of the thing. 


XIX. 

Tus theorem leads directly to the determination of the at- 
traction of a pyramid, aving reftangular bafe, on a particle 
‘at its vertex. For if we confider EM (Fig. 11.) as a flice’ of a 
pyramid parallel to its bafe, A being the vertex, then the flice — 
behind EM fubtending the fame angles that it does, will have its 
force of attraction = 7’ 9, being its thicknefs, and fo of all the 
reft ; and, therefore, the fum of all thefe attractions, if p denote 
the whole height of the folid, or the perpendicular from A on 
its bafe, will be pg. But as 2 ? is only the attraction of the 
part HB, it muft be doubled to give the attraction of the whole 
folid EM, which is, therefore, 2”; and this muft | again be 
doubled; to give the attraction of the part which is on the fide 
of AB, oppofite to EM; thus the element of the attraétion of 
the pyramid is 42 9, and the attraction to 
the depth p,is4 po. 

Ir the folid is the fructum of a depth i is and 
vertex A, the angle 9 being determined as before, the attraction 
on A is 


| 
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IF we fuppofe BC and BL to be equal, and therefore the 
angle BAL = the angle BAC, calling either of them 2, Ben 
fin 9 = fin », by what has been already fhewn ; and from this 
equation, as » is fuppofed to be given, ¢ is determined. 

Tuts expreflion for the attraétion of an ifofceles pyramid, 
having a reCtangular bafe, may be of ufe in many comparntons a 
concerning the attraction of bodies. =~ 

Ir the folidity of the pyramid be given, from the ‘equations | 
and fin 9 = fins’, we may determine that i 

the form of the pyramid when is a maximum. 

Let the folidity of the he m*, then p, the 
titude of the pyramid, and ~» half, the angle at the vertex 
ptan = half the fide of the bafe, (which is’a fquare), and 
therefore the area of bafe = tan , and the of 


he pyramid fo ht pan =m. 


and fin 9 = alfo 


I— fin ee cof "> therefore tan = = fae, fo that m3 = 


ae Tino ng OF 


we have, therefore, f, that is 4p9 = 


~ 


3: = This laft is, therefore, a maximum 


Ff 2 | by 


| 
| 
— 
| 
| 
| : | 
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fing), 


mutt be amaximum > 


“Iv we take the fluxion of each of and die 
vide it the multiplier. itfelf, and fum to no- 


| fing + — cotg. fing 
Thing "fing 


in 9 — in cot ivetng cele fradion 


Tur folution of this tran{cendental equation may eafily “ 

obtained, by approximation, from the trigonometric tables, if we 
confider that 1 — fing is the coverfed fine of ¢. Thus taking 
the logarithms, we have 
-.From which, by trial, it will foon be difcovered, that ¢ is 
nearly equal to an arch of 48°. To obtain a more exact va- 
lue of 9, let ¢ = arc (48° + 8), @ being a number of mi- 
nutes to be determined. Becaufe arc. 48° = .8377580, 
and arc (48° + 8) = .8377580 + .00029009 8, therefore log. 


In 


| 
| 
| | 
| 
| 
| 
| | 
| 
| 


IN fame manner, (als 
Ltan (48° +) = ++ .0002540 
and L. cover (48° +) = = 9.4096883 — 
L3 = 04771213 
Sum = 9-9323722 — 0000752 B : 


Log ae (48° +6) = 9-9231186 rs 0001506 B 


Whence, e= 2596 = = nearly. 


A SECOND: will a correétion = 


i 


fo that fince fing = finn = = 


Vine, fo that 9 = 76°. 30% and oF the whole angle of the 


An ifofecles pyramid, denies, with a Cathie bafe, will at- 


tract a particle at its vertex with greateft force, when the in- 


clinagion of: the to one anther i is an of 


5 


XX. 


. 


To return to the attraction of the parallelepiped, it may be 


remarked, that the theorem concerning this attraction already 
inveftigated, ‘{ xv111. though it applies only to the cafe when 


the parallelepiped is indefinitely thin, leads, neverthelefs, to fome 
very general conclufions. It was fhewn, that the attraction. 
which the folid EL (Fig. 11.) exerts on the particle A, in the di- 
rection AB, is 1.9, 9 being an arch, fuch that fin 9 = fin BAC 
x fin BAL = fin z. fin E; and, therefore, if B be the centre of 


a 


| 
| 
; 
| 

| | | 

| | 
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a rectangle, of which the breadth is 2 BC, and the height 2 BL, . 
the attraction of that plane, or of the thin folid, having that 
plane for its bafe, and 2, for its thicknefs, is 42.9. Now, @, 
which is thus proportional to the attraction of the plane, is al. 
' fo proportional to the fpherical furface, or the angular fpace, 
{ubtended by the plane at the centre A. 
For fuppofe PSQ_ (Fig. 12.) 'and OQ to be two quadrants of 
great circles of a {phere, cutting one another at right angles in 
let QS=E, and QR =z. Through S, and O the pole of 
PSQ: draw the great circle OST, and through P and R, the 
great circle PTR, interfecting OS in T. The {pherical quadri- 
lateral SQRT, is that which the rectangle CL (Fig. 11.) would 
fubtend, if the {phere had its centre at A, if the point Q ‘was 
in the line AB, and the circle PQ; in the vertical plane ABL. 
Now,.in the fpherical triangle PST, right-angled at S, cof T 
— cof PS x fin SPT = fin QS x fin OR = fin EX fin-z.,; But. 
this is alfo the value of fin 9, and therefore *: 1s. the complement 
of the angle T, or —T. 
Burt the area of the triangle. PQR, in Hoth, Qand: R 
are right angles, is equal to the rectangle under the arch.QR, 
which meafures the angle QPR, and the radius of the fphere. 
Alfo the area SPT = arc. (S + T+ P— 180°) 73 that is, be- 
caufe S is a right angle, = arc.(T + P — 90) Xr = 
arc . (T-+QR—go) xr; and taking this away from the triangle 
PQR, there remains the area QSTR = arc. (QR — T—QR 
+ 90°) r= (90—T) r=@xr. The arch therefore, 
tiplied into the radius, is equal to the spherical avasiiesal, 
QSTR, fubtended by the rectangle BD. | - 
THIs. propofition is evidently to all 
whatfoever. For when the point B, where the perpendicular, 
from A meets the plane of the rectangle, falls anywhere, as in. 
Fic. 15. then it may be fhewn of each of the four tedangles 
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BD, BM, BM, BD, which make up the whole rectangle DM, 


that its attraction in the dire@ion AB is expounded by the area 


of the fpherical quadrilateral fubtended by it, and, therefore, 
_ that thé attra@ion of the whole rectangle MD’, is. expounded by 


the fum of thefe fpherical quadrilaterals, that is, by the whole — 3 


quadrilateral fubtended by MD’. In the fame manner, if the 
perpendicular from the attracted particle, were to meet the 


plane without the re@angle MD’, the difference between the - 


fpherical quadrilaterals fubtended by MC and M’C, would give 


the quadrilateral, fiibtended by the reCtangle MD’, for the vas 


lue of the attraction of that rectangle. 
_ THEREFORE, in general, if a particle A, gravitate to a rec- 


tangular plane, or to a solid indefinitely thin, contained between 


_ two parallel rectangular. planes, its gravitation, in the line per- 


pendicular to those planes, will be equal to the thickness of the 


solid, multiplied into the area of the sphericat quadrilateral sub- 
tended by either of those planes at the centre A. 

Tue. fame may be extended to all planes, by whatever hone 
they be bounded, as they may all be refolved into rectangles of 
indefinitely {mall breadth, and: their to 
a ftraight line given pofition. 

THE gravitation of a point toward any plane, in a line per~ 
pendicular to it, is, therefore, equal to 2, a quantity that ex- 
preffes.the intenfity of the attraction, multiplied into the area 
of the fpherical ‘figure, or, as it may be called, the nate 
fpace fubtended by the given plane. 

in the cafe of a triangular plane, where 
fubtended at A, by the fides of the triangle, are a, 5 and c; 
fince EuLer has demonftrated * that the area of the fpherical 
triangle contained OF thefe arches, is — to the rectangle un- 


der 
* Nov, Adta Petrop. 1792, p.47- 


| 
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der the infos and an arch A,. fach that cof 


1+ cofa+cofd+cofe. 


_ Iw the cafe of a cae plane, our Sreneral propofition ag agrees 
with what Sir Is aac Newron has demonftrated. IfCFD (Fig. 13.) 
be a circle, BA a line perpendicular to the plane of it from its 
centre B; A, a particle anywhere in that line 5 3. the force with 


if 4 be computed, the axwadion 


which A is attracted, in the direction AB, is 2 


in which the multiplier 2 x is fupplied, being left out in the 
inveftigation referred to, where a Sane ony proportional 


to the attraction is required. ‘Now aD! is the cofine of the 


angle BAD, and, cherefore, is its verfed fine and, 


therefore, if the GEK. defcribed. centre A 
with the radius 1, and if the fine GH, and. the chord; EG: be 
drawn, HE is the verfed fine of BAD, and, the attraCtion 
=22EH. But 2.EH = EG’, becaufe 2 is the;diameter of 
the circle. GEK ; therefore the attraction =7.EG* = the area 
of the circle of which EG is the radius, or the {pherical furface 
included by the cone, which’ has A. fori he 
circle CFD for its bafe. od? 


* Princip, Lib. i. Prop. go. 


i 
i 
a 
4 > 
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From the general propofition, that the attra@ion of any 


plane figure, whatever its boundary may be, in a line perpen- 
fiicular to the plane, is at any diftance proportional to the 

“angular fpace, or to the area of the {pherical figure which the 
_ plane figure fubtends at that diftance, we can eafily deduce a 
demonftration of this other propofition, that whatever be the 


figure of any body, its attraGiion will decreafe in a ratio that — 


approaches continually nearer to the inverfe ratio of the fquares 
of the diftances, as the diftances themfelves are greater. In 
other words, the inverfe ratio of the fquares of the diftances, is 
the limit to which the law by which the attraction decreafes, 
continually approaches as the diftances increafe, and with 
which it may be faid to coincide when the diftances are infi- 


 nitely great. 
Tuis propofition, which we ufually take for granted, with- 


out any other proof, I believe, then, fome indiftiné percept ion 


of what is required by the law of continuity, may be ri- 
-goroufly demonftrated from the principle juft eftablithed. 

Ler B (Fig. 14.) be a body of any figure whatfoever, A a 
particle fituated at a diftance from B vaftly greater than any 
of the dimenfions of B, fo that B may fubtend a very {mall 
angle at A; from C, a point in the interior of the body, fup- 
pofe its centre of gravity, let a ftraight line be drawn to A, and 
let A’ be another point, more remote from B than A i is, witere 
a particle of matter is alfo placed. 

THE directions in which A and A’ gravitate to B, as they 
muft tend to fome point within B, muft either coincide with 
AC, or make a very {mall angle with it, which will be always 
the lefs, the greater the diftance. 

Vout. VIL—P. II. | LET 


| 
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Let the body B be cut by two planes, at right angles to AC, 
and indefinitely near to one another, fo as to contain between 
them a flice or thin fection of the body, to which A and A’ 


_ may be confidered as gravitating, nearly in the dire@tion of the 
line AC perpendicular to that fection. : 


THE gravitation of A, therefore, to the aforefaid fection, will | 


be to that of A’ to the fame, as the angular fpace fubtended b¥ 


that fection at A, to the angular fpace fubtended by it at A’. 
But thefe angular fpaces, when the diftances are great, are in- 
verfely as the {quares of thofe diftances, and therefore, alfo, the 
gravitation of A toward the fection, will be to that of A’, in- 


verfely as the {quares of the diftances of A and A’ from the 


fection. Now thefe diftances may be accounted equal to CA 
and CA’, from which they can differ very little, wherever the 
fection is made. 

Tue gravitations of A and A’ toward the faid fedion, are, 


therefore, as And the fame may be proved of 


the gravitation to all the other fections, or lamine, into which 


the body can be divided by planes perpendicular to AC; there- 
fore the fums of all thefe gravitations, that is, the whole gravi- 
tations of A to B, and of A’ to B, will be in that fame ratio, 


that is, as ten to Cee or inverfely as the fquares of the di- 


ftances from C. Q. E. D. 


Ir is evident, that the greater the diftances AC, A'C are, the 
nearer is this propofition to the truth, as the quantities rejected 
in the demonftration, become lefs in refpec& of the reft, in the 


fame proportion that AC and A‘C increafe. 


Ir is here affumed, that the angular fpace fubtended by the 
fame plane figure, is inverfely as the fquare of the diftance. 
This 


| 

| 
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This propoiition may be proved to be rigoroufly true, if we 
confider the inverfe ratio of the fquares of the diftances, as a 
limit to which the other ratio conftantly converges. 

It is a propofition alfo ufually laid down in optics, where 
the visible space fubtended by a furface, is the fame with what 
we have here called the angulur space fubtended by it, or the 
portion of a fpherical fuperficies that would be cut off by a 
line paffling through the centre of the fphere, and revolving 
round the boundary of the figure. The centre of the {phere is 


fuppofed to coincide with the eye of the obferver, or with the- 


place of the particle attracted, and its radius is fuppofed to be 
unity. 

Tue propofitions that have been juft now. con- 
cerning the attraction of a thin plate contained between paral- 
lel planes , have an immediate application to fuch inquiries 
concerning the attraction of bodies, as were lately made by Mr 
CAVENDISH. 


- In fome of the experiments inftituted by that i ingenious and 


profound philofopher, it became neceflary to determine the at- 
traction of the fides of a wooden cafe, of the form of a parallel- 
epiped, on a body placed anywhere within it. (Philofophical 
Tranfactions, 1798, p. 523-). The attraction in the diretion 
perpendicular to the fide, was what occafioned the greateft dif- 
ficulty, and Mr CaveEnpisH had recourfe to two infinite feries, 
in order to determine the quantity of that attraction. The de- 
termination of it, from the ‘preceding theorems , is calier and 
more accurate. | 

Let MD’ (Fig. 15.) reprefent a thin rectangular plate, A, a 


particle attracted by it, AB a perpendicular on the plane MD’, — 


NBC, LBL’, two lines drawn through B parallel to the fides of 
the rectangle MD". Let AC, AL, AN, AL’, be drawn. 


“Gee THEN, 


| 
| 
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THEN, if we find fuch that fin e= BL x the attrac- 


tion of the rectangle CL is x. s n slp the thicknefs of the 
plate. | 


So alfo, if fing = BL y BN ay the attragtion of LN i = 


AL 
| Ir fin gt = BN BN N the attraction of NL’ i is = n 
LasTLy, if fin =X attradion of LC = 


-Tuus the whole effea of the plane MD’, or r f = 


WE may either fuppofe 9, ¢ &c. defined as hoi or by the 


following equations,-where 1, 7', 7”, &c. denote the angles fub- 


tended by the fides of the rectangles that meet in B, beginning 
with BC, and going round by L, Nand L’toC.. 


fine fing 

fine’ = finy . fing! 
fing’ = fin,’ .finy” 
fing” = fing’. fin 


Ir the computation is to be made by the sonal fines, it wil 


| be better to ufe the following formule : 


fin 9= cof (9 cof 


fing = cof (1 — —< cof 


fin ¢’ 


| 

| | 
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fin cof (f= “= cof ( + 


By either of thefe methods, the determination of the attrac- 


tion is reduced ta a very fimple trigonometrical calculation. 


MXIT, 


Tue preceding theorems will alfo ferve to determine the at- 


traction of a parallelepiped, of any _— rn in the di- | 


rection perpendicular to its fides. 
Let BF (Fig. 16.) be a seraliehépiped, and A, a point in BK, 
_ the interfection vx two of its fides, where a particle of matter is 


fuppofed to-be placed; it is required to find the attraction in. 


the direction AB. 
THoucu the placing of A in one of the intérfections of the 


- planes, feems to limit the inquiry, it has in reality no fuch ef- 
fec&t ; for wherever A be with refpe& to the parallelepiped, by 


drawing from it a. perpendicular to the oppofite plane of the fo-. 


lid, and making planes to pafs through this perpendicular, the 
whole may be divided into four parallelepi peds, each having 
AB for an interfection of: two of its planes ; 3 and being, there- 
fore, related to the givem particle, in the fame way that the 
parallelepiped BF is to A. 


Let GH be any fection of the folid. parallel to zc, and.let it 


reprefent a plate of indefinitely {mall thicknefs. 


Let AB =x, B’d, the thicknefs of the plate =%. Then 


being fa determined, that fin 9 = fin B’AH x fin B’AG, the at- 
traction of the plate on is 9%, which, therefore, is the ele- 
ment 


{ 

j 

| 

| 

| 

| 
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ment of the attraction of the folid. If that attraction =F, 
then But and. the determi- 
nation of F desiciad; therefore, on the integrati ion of x @. 


N Ow cof Tage and, therefore, xo 


b 
I BG —4, and BH , then 


; fo that fing= b 


and fin BAH = — x 


HENCE, cof =1—fng = 1— FERC 
(0° + x*) (B°+ x VG +x) (P42 


AGAIN, becaufe fin = , 


( —hBx x bBxx 


7) 
| 
| 
| vO x 
| 
| 
FIENCE cof 
| 
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bBxx 


THEREFORE x9 = — —— 


x’) (c+ x")? 


(@ +2’) (c" 

Now, f | b B+N c+ x” 


(Harmonia Menfurarum, Form. Ix and 
b+N 
— C.. 
THEREFORE f 


NO +x 


BANC | +x 


Ir, then, we determine C, fo that the fluent may begin at K;, 
and end at B; if, alfo, we make » the value of ¢, that corre-. 
{ponds to AB or 4; and x, the value of it that correfponds to. 


2 
| 
e 
| 
b Lo C. 
| 
| AK 
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AK or a’, we have the whole attraétion of the folid, or F = 


—7a—)Lo - X 
Vita 


+a’ 
b+ 


— Log - 


Ir, in this value of F, we invert the ratios, in order to make 
the logarithms affirmative, and write like quantities, one under 
the other, we have F = ya — 7a’ 

ae 


Log 

Lo 


Tue firft two terms of this expreflion deferve particular ate 
tention, as 7 is an arch, fuch that fin y = fin BAE x fin BAC; 
therefore, by what has been before demonftrated, 4 is the mea- 
fure of the angular {pace fubtended at A by the reGtangle BD. 
The firft term in the value of F, therefore, is the product of the 
diftance AB, into the angular fpace fubtended rec- 
tangle BD. In like manner, the fecond term, or a’, is the 
product of the diftance AK, into the angular fpace fubtended by 
the rectangle KF. 3 

Tue relation of the quantities culls the ratios, in the 
two logarithmic” terms, will be beft conceived by fubftitu- 
ting for the algebraic quantities the lines that correfpond 
to them in the diagram. Becaule = EB + 

BC 


} 
| 
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- BC’ = EC’, therefore c= EC or BD. So alfo, +a = 


BD’ + BA*= AD’, becaufe ABD is a right angle, &c. Thus, 


F =1a—1d + BE. Log + | 


AF + FM) AC 
gates (AD + DC) 


"Tuts expreffion for the attradtion of a parallelepiped, though 


_ confiderably complex, is fymmetrical in fo remarkable a de- 


gree, that it will probably be found much more manageable, | 


in inveftigation, than might at firft be fuppofed. That it fhould 
be fomewhat complex, was to be expected, as the want of con- 
tinuity in the furface by which a folid is bounded, cannot but 
‘introduce a great variety of relations into the expreflion of its 
attractive force. The farther fimplification, however, of this 


theorem, and the application of it to other problems, are 


fubjeéts on which the limits of the prefent paper will not 
permit us to enter. The determinations of certain maxima de- 
pend on it, fimilar to thofe already inveftigated. It points at 
the method of finding the figure, which a fluid, whether elaftic 
or unelaftic, would affume, if it furrounded a cubical or prifma- 
tic body by which it was attracted. It gives fome hopes of be- 
ing able to determine generally the attraction of folids bound- 
ed by any planes whatever ; fo that it may, fome time or other, 
be of ufe in the Theory of Chryftallization, if, indeed, that 
theory fhall ever be placed on its true. bafis, and founded, not 
on an hypothefis parely Geometrical, or in fome meafure arbi- 
_ trary, but on the known Principles of Dynamicks. _ 


Vou. Bb V. 
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v. An Account a ‘very y extraordinary Effect of Rernac- 
eb TION, observed at Ramsgate, by the Reverend S. Vince, 
A.M. F.R,S..Plumian Professor of Astronomy and Ex- 
_ perimental. Philosophy at Cambridge. Communicated eth 
Parricx Witson, F.R.S. Epix. 


to. be detesilied, was on: ian 
guft,6.:1806, about feven.in the. evening; the air being 
dittle: hazy.: sThe'tops of the four turrets of 
Dover; :Caftle the» hill, lying: ‘between 
Ramfgate and;Dover'; but, at the above-ftated time, not only 
the tops were vifible, but the whole of the Caftle, appearing ias 
if it! were fituated:on the fide of the hill next to and 
xifingas,much above,the hill.as « 
AB (Phite Fig. 7.) termination 
hill; tops of the four turrets of the Caftle, as they 
ufually iappéare But, at: the:time abovemenitioned, befides thus 
feeing the turrets, the whole!Caftle war s was yifible, and: ap- 
peared as if it had been brought over and placed omthe Ramfgate 
fide ofthe ‘hull, as!repréfented in the This plienomenon 
was fo wefy fidgular ‘atid ‘unexpected; that, at :firft fight,: I 
it to be: but, upon. obfer- 
| 


Vij be 


| 

| 

| 

| 

| 
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EXTRAORDINARY EFFECT 
vation, I was fatisfied that it was a real image of the Caftle. — 
Upon this I gave the telefcope to a perfon.prefent,. who, upon 
attentive examination, faw alfo a very clear i image of the Caftle, 
exactly as I had defcribed it. He continued to obferve it for 
about twenty minutes, during which time. the appearance re- 
mained precifely the fame; but rain coming on, we were pre- 
vented’ from making any further obfervatidns.” Between us 
and the land, from which the hill rifes, -€here was about fix 
miles of fea, and from thence tothe top of thehill‘about the 
fame diftance, and we were about, feventy feet, above. the fur- 
face of the water. 

Tue hill itfelf did not appear through the image, which, it 
_ might have been expected to do. The image of the Caftle ap- 
- peared very ftrong, and well defined ; and although the rays 
from the hill behind it, muft undoubtedly have come to the 
eye, yet fo it was, that the ftrength of the image of the Caftle 

fo far obfcured the back-ground, that ‘it made‘no fenfible im- 
preffion-upon us. Our attention was of courfe principally di- 
 yeéted to the image of the Caftle;. but ‘if the ‘hill behind had 
been at all vifible, it could not have efcaped our: obfervation, ds 
we continued to look at it for a confiderable: time avid a — 
telefcope. 

PHENOMENON of this kind I do: not to 
feen defcribed; and it muft have been ‘a very extraordinary 
ftate of the air to have produced it. It is manifeft, that a ray 
of light coming from the top of the hill, muft have’come to 
the eye in a curve lying between the two curves defcribed by — 
the rays coming from the top and bottom ad the en in or- 
der to produce the effet. 

Let AB (Plate VIII. Fig. 2.) sain the Caftle, ' EC ves 
Cliff (at Ramfgate), BT'D the Hill, DC the Sea, E the place 
of the {pectator, T the top of the hill, AyvE a ray of 

light coming from the top of.the Caftle to the fpectator, 

Bewk 


| 
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BxwE a ray coming from the bottom, and TxzE a ray 
coming from the top of the hill, falling upon the eye at 
__E, in a direGtion between thofe of the other two rays; then 
it is manifeft, that fuch a difpofition of the rays will produce 

the obferved appearance. To effec this, there muft have been 
a very quick variation of the denfity of the air which lay be- 
tween the two curves yvE, x w E, fo as to increafe the curva- 
ture of the ray Tx2zE, after it cuts BwE in x, by which 
means, the ray T x z E, might fall between the other two rays. 
The phenomenon cannot be otherwife accounted for. As there 
are not, that I know of, any records of a phenomenon of this 
nature, the conftitution of the air muft have been fuch as but 


very rarely happens, or fuch an Emppeprance vous before have 
been taken notice of. 


Tue phenomena which I at the fame which 


I defcribed in the Philofophical Tranfactions of the Royal So- 
ciety for the year 1798, I explained upon the fame principle, 


that of a quick variation of denfity; and this was afterwards — 


confirmed by fome very ‘ingenious experiments made by Dr 
Wo.uasTon. Perhaps this phenomenon may afterwards be 
{ubjected to an experimental illuftration. 
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VE af the Large 8 Snake Atea-azacun, (Boa 
| ConstRictor of Linnevs), found. in the Province of 
Tipperah. ‘Communicated, by Mx James Russet. Ex- 


tracted from the ‘Memorandum Book of Joun Conse 


Read 28th April 1807). 


fake of this, was. brought to’ Comillah. 
. It meafured 15 feet 3 inches in length, and 18 inches in 
about the middle. This-meafugfMent, however, 
tions it =. 


varied. confiderably by, the wreathings and con 
in order to free itfelf from confinement.: .- 
cefophagus, from. the mouth; to the or bottom 
of the ftomach, meafured altogether 9 feet 3 inches, and was fo 
wide as to take in a man’s head with eafe, . The ftomach was 
eafily diftinguithed by the thicknefs of its coats, or the number 
of rug on its internal furface. But, there was no contraction 
- at the cardia or entrance of the ftomach.. . The outlet or pylo- 
rus, however, was fo narrow as hardly to,admit two fingers. | 
Tue head of the fnake was {mall.in proportion to its body. 
And I .was curious to. obferve the mechanifin of the jaw, by 
which it,can fo eafily take into its mouth any fubftance as ee 
as the thickeft part of its body. 


THE 
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Tue lower jaw confifts of two bones, connected anteriorly by 
{kin and ligaments, which-admit of confiderable ‘diftenfion, “fo 
that the anterior ends can be feparated an inch from each 
other. The pofterior extremity, or condyle of each lower jaw- 
bone, is likewife connected to the head in fuch a manner, as to 
allow of confiderable feparation. The two bones which com- 
pofe the upper jaw, are capable only of a very {mall degree of 
feparation at the fymphifis or anterior part. 

Tuts fingular degree of laxity in the ftructure of the arti- 
culations, permits of a degree of diftenfion-which is incompa- 
tible with the firmnefs requifite to perform the function of ma- 
‘ftication. 


July 7. 1790. 
A snNAKE of the allea fpecies was brought in, of a very un- 
common thicknefs in proportion to its length, which induced 
me.to open it. A very large guana was extracted from the 
gullet and ftomach ; for the animal was gorged to the throat. 
The guana, from the nofe to the tip of the tail, meafured 4 feet 
3 inches, and in circumference round the belly 1 foot 6 inches; 
and yet the fnake, after the was 
‘only 8 feet 6 inches in length. 
_. Tue circumference of this fnake is not given’; but if it bore 
the fame proportion to its length that it did in the former 
fnake, it would be nearly ro inches. In this inftance, there- 
fore, the fnake had fwallowed an animal of greater magnitude 
than itfelf almoft in the proportion of 9 to 5. — 
_ Ow the 16th of the fame month another fnake was brought: 
in, having nearly the fame appearance as the laft, but fill 
more diftended. It was opened while yet alive, and an entire 
fawn of one year old extracted. The fawn meafured 1 foot 8 
inches round the belly ; and the extreme ~~ = the {nake 
was only g feet 3 inches. 


April 


| 
| 
| 
| 
| 
| 
| 
| 7 
| 
| 
| 
| 
| 
| 
| 
| 


ACCOUNT of a LARGE SNAKE. 25% 


April 5. 1791. 

A swaxe of the fame fpecies was s brought to Comillah and 
opened, from which a fawn was taken ftill larger than the one 
juft mentioned ; but the fnake was 10 feet 6 inches in length. 

It is the general opinion, that {nakes break the bones of 
their prey before they {wallow it, if the animal be of any confi- 
derable fize., This, however, I am difpofed to doubt, as in none 
of the above inftances had the animal fuffered fuch offifraction, 
if I may be allowed the expreffion. The mechanifin of the | 
jaws, and the width of the geet above defcribed, render 
fuch violence unneceffary. 

THE animal is fwallowed very gradually, being firft, I fu- 
{pect, well lubricated with flime, with which this kind of large 
{nake appears abundantly provided. 

THESE circumftances may undoubtedly be deemed rather fa- 
bulous by thofe who have never feen nor examined large fnakes. 
. But they are facts not to be denied, and are well authenticated 
by every one who has had opportunities of feeing and opening 
fuch fnakes. 

Durine Mr Lecxie’s refidence at Comillah, I have learned 
from undoubted authority, that a fnake of the above mentioned 
fpecies was found dead, with the horns of a large deer fticking 
in his throat, fuppofed to be the caufe of his death. The fnake 
and the horns were both brought to Comillah in this fituation ; 
but in a putrid ftate. The fnake meafured above 17 feet in 
length; and the bones of it were afterwards fent to Mr 
CHARLES COLLINSON of Banleak. 
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vi, 6 Chemical Analysis a from Biver 


opp Dee ini Aberdeenshire ; and of a CopPpER One, from Ar- 


Din 


a boaisido ausls bos 903 40 
symert ved b asad 


THE which formed the of firft of he 
following analyses, was brought from the banks of the river 


Dee, about feven years ago, by my friend Mr James Mitt, who 


at that time refided in Aberdeenfhire. By him I was informed, 
.that-confiderable quantities of it are found in different parts of 


the*bed. of that river,that itis ‘called by the inhabitants iron- 


sandj—and that they ufe it for {anding newly written paper. I 
tried fome experiments in thé year 1800, in order toyafcertain 
its ‘nature ; -but'was ‘too little fkilled. at that-time, both in mi- 
‘neralogy and practical chemittry, , to an of any 
confiderable diffeultyi 
Tue black powder is mixed with many fall whitith, 
reddith, and brownith grains, which, when examined by means 
of a glafs, prove to be pieces of quartz, felfpar, and mica. From 


this it would appear, that the fand of the river Dee confifts 


‘chiefly of the detritus of granite or gneifs. © 
» WHEN a magnet is’pafled over the fand, fome of the black 
grains adhere to it, and are by this means eafily obtained fepa- 
li 2 rate. 


- 
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rate. But after all that can be attracted by the magnet is re- 
moved, the greater part of the black powder ftill remains. This 
refidue is indeed attracted by a powerful magnet, but fg very 
feebly, ‘that: itis not poffible-by means of it to feparate-it from 
the grains of fand with which it is mixed. Thus we learn, that 
the black matter confifts of two diftin@ fubftances; one of 
which is powerfully attraéted by the magnet, the other not. 
As this fecond fubftance was obvioufly {pecifically heavier than 
the grains of fand with which it was mixed, I placed ‘a quanti- 
ty of the powder on an inclined plane, aad by expofing it cau- 
tioufly, and repeatedly, to a jet of water,,I fucceeded in wathing 
away moft of the grains of fand, and chs obtained i it in a ftate 
of tolerable purity. 

Tue firft of thefe minerals we may. call iron-sand, ‘and 
fecond iserine, as they belong to mineral {pecies which oryc- 


1. IRON-SAN D. 

and does not exceéd one-fourth of the-mixture at moft.. Its. co- 
lour is iron-black. It is in very fmall angular grains, common- 
ly pretty tharp-edged, and fometimes having the fhape of im- 
perfect octahedrons. The furface is rough ; the luftre is feebly 
glimmering and metallic ; the fraéture, from the fimallnefs of 
the grains, could not be accurately afcertained, but it feemed to 
be conchoidal. Opake, femihard, brittle, eafily reduced to pow- 
der. Powder has a greyifh-black colour ; powerfully attrac- 
| ted the ; gravity 4.705. 


1. As were not to upon 100 
grains of it were reduced to a fine powder, mixed with twice 


froma the RIVER ag 


its weight of carbonate of potath, and expofed for two hours to 
aired héat, ina porcelain: crucible.’ The:mafs, being foftenéd 
in water, was digefted in muriatic acid. By repeating’ this 
procefs twice, the whole was diffolved in muriatic acid, ex- 
gept a brownifh-white! matter, — in 


Tar muriatic which had a yellowith- 
brow colour, was concentrated almoft to drynefs, and then di- 
Inted with water. It affumed a milky appearance ; but nothing 
was precipitated. Being boiled for fome time, and then fet 
afide, a curdy-like matter fell. It was of a milk-white colour, 
oxide of titanium. 

refidual liquid with ammonia, a 
daitgréddith-browii matter precipitated, which being feparated 
by the filter, dried, drenched in oil, and heated to rednefs, af- 
famed the appearance of ‘a black matter, ftrongly attraded 
by the magnet. It weighed 93-7 grains, and was oxide of 
iron. | | 

four times its weight of carbonate of foda, and expofed for two 
hours’ to’ a’ red heat, in a platinum crucible, and afterwards 
heated ‘with miufiatic acid, was all diffolved, except about a 
of blackith | matter, which was fet afide. 

THE muriatic (olution being concentrated by evaporation, 
a little white matter was feparated. It weighed ‘th of a grain, 
and poffeffed the oF oxide of titanium. 


j 


6. WHEN 


| 
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Wuent evaporated to drynefs; and rediffolved.in water, ia 
white powder remained,' which ‘proved to be ‘filica, which, 
‘Tae folution faperfatintated: with: potath, 
and boiled for a few minutes, was thrown ‘upon: filter; to, fe- 
_parate a reddifh-brown matter, which had been precipitated. 
The: clear liquid which paffed throngh the: filter, was mixed 
with a folution of fal ammoniac. -A foft white matter flowly 
fabfided.- It was and, alter to 
weighed half a grain. bollod onish 
8. ‘Tar matter had 
by the potafh, when dried upon the fteam-bath,; weighed 20.2 
grains. It diffolved with effervefcence in muriatic _ The 


boiled for time, and ‘then. diluted, wilh, water; it 
white, and let: fall a. curdy precipitate, which weighed, when 


dry, 4.6 grains, and HCE of oxide of tita- 
nium. 


9. THE refidual liquor being mixed with an excefs of ammo- | 
nia, let fall a brown matter, which, after ‘being dried, drench- 
ed in oil, and heated. to rednefs, weighed 6 grains. It. was 
ftrongly attracted by the magnet, but was . of too. Jight a colour 
to be pure oxide of iron, I therefore diffolyed it (in muriatic 
acid, and placed it on.the fand-bath, ina ‘Porcelain capfule. 
When very much ‘concentrated by evaporation, fmall white 
needles began to make their appearance in it. The addition of 
hot-water made them difappear ; 3 but. they were again form- 
ed when the liquor became. fufficient] y.concentrated.' Thefe 
cryftals, when feparated, weighed 1.3 grains, and proved, on 
examination, to be white oxide of arfenic. During the folution 


of 


LV fro RIVER 


of the: 6 grains in muriatic/acid, a portion of black mutter fepa- 
rated.’' It Weighed 0.2 gtains; and was totally diffipated before 
the blow-pipe 1 in a ‘white fiioke. ‘Henee, it mutt have been ar- 
fenici * Thefe “1.5 gr. are’ equivalent to rather more ‘than r 
graitt of ‘metallic’ arfenic.': Thus, it‘appears, that the 6 grains 
contained 1 grain of arfehic, which explains the whitenefs of 
their colour. © The reft was ‘iron.’ It can fearcely be doubted, 
that the propdrtion of arfenic”prefent was originally greater. 
Some ‘of it ‘inuft have been nti pat off when the iron oxide’ was 
THE infoluble ati: owas with great difficul- 
ty diffolved in fulphuric acid. When the folution was mixed 
with ammonia, a white powder fell, which weighed 0.8 grains. 
It. was accidentally loft, before I examined its properties. “But 
I ‘have its fhe that it was’ of tita- 
sGeden® the ‘of: abe fallowing 
extracted by to ted 
4 A bot f 
Black k oxide of izon, thdt-au 


Yo apd 1-50 9 91503 


113.85 

Here there is an excels of nearly. 4 grains, owing, without 

doubt, to the combination. of oxygen | with the i iron and the 
titanium during the analyfis. ae 

Hap the iron in the ore’ been i in the eee ‘ftate, the eXx- 

of Weight; in of 3 14; could not have’been lefs‘than 30. 

For the is be @ compound of 100 metal 


and 


| | 
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and 37 oxygen. Hence; I think, it, follows, that: the irom in 
our: ore; muft have been inthe ftate of an oxide, and that it, 
haye contained lefs oxygen | than. black.oxide of iron... Aigood 
many trials, both on iror-fand, jand on fome of the. other mag? 
netic ores of iron, indyce me to, conclude, that the irenin moft, 
of them is combined with between 17.and per. centy.of oxy-; 
gen. Fhis compound,. hitherto, ‘almoft overlooked che-. 
mitts, I confider as the real protoxide-of iron.,;;EHENARD has- 


lately demanftrated, the, exiftence, of an, oxide intermediate 
tween the black and the red; fo that we are now acquainted; 


with four oxides of this metal. But the protoxide, I prefume, 
does not combine with acids like the others. | Analogy: léads:us 


to the exiftenpe, of a fifth, and 

As to the it is to. know: of 
weight it has fuftained, becaufe we are neither acquainted with: 
it in the metallic ftate, nor know how much oxygen its differ- 
ent oxides contain. It is highly improbable, that, in iron-fand, 
the titanium is im the metallic flate, if it be:made out ithat' the 
iron is in that of an. ‘oxide. VavQuEiin 
and HEcHrT, compared with thofe of KLAPROTH, have taught 
us that there are three oxides of' titanium, namely, the blue, 
the red, and the white. From an experiment of VAUQUELIN 


2 


fider che oxides as compofed of the following proportions of 


metal and oxygen: 


METAL. OXYGEN.. 


4. Red, 100°" 
1 
3. White, 100 


TAT 


4 


I find, that when. the white oxide of titanium 1s reduced to the 
ftate of red oxide, it. lofes one-foprth, of its'weight and that 
| | red. 
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oxide; when raifed to ithe ftate.of white:oxide; increafes, ex- 
one-thied fits weight. It.wias: the knowledge thefe 
facts, that led me tothe pr And théy 
“may be ofed, dilt:fome more: dived expériment lead 
Rep oxide being>thewaly fate in which this metal 
feparate,:we may Conclude that combines, in 
that: the titanium indiron-fand, 
is moft probably 1 in this ftate. But white oxide, diminifhed by 
one-fourth, gives us the equivalent quantity of red oxide. On 
that fuppofition, the titpmiii prefent, before the snalyfis, i in 
the 100: grains of ore, weighed 9.5 grains. _ 
appearance ‘of the arfenie furprifed me good deal, as 
it was altogether unexpected.’ 1 to ‘afcribe it to 
fome particles of arfenic pytites which might have been acci- 
‘dentally préfent. “THis conjecture ‘will Appear ‘the inore’ ‘pro- 
‘bable, ‘when we refed; that arfenic' pyrites véry Fréquetithy ac- 
“compan ies jton-fand.” ‘Before the ticrofdopé, ‘the iron-farid ap- 
‘pears. to contain’ ‘white fhining particles, which, 
are arfenic. pyrites.. 
“Tue final quantity of filica and sfetibe, 
‘hefitation, to gtains of quartz and felfpar, which’ had adhered 
to the iron-fand, and been analyfed along with it.’ Somé fuch 
grains were actually obferved and t others 


 fappofitions be admitted as well founded the 
iron-fand was compofed OF 


Protoxide of i iron; 
Red oxide of titanium, 9:5 | 
Silica and alumina, - 1.5 
100.0 
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‘The willonotoappear ‘exceflive, that:a por- 
tion of thé:arfenic muftshave been ‘faublimed, before: the ipre- 
fence ‘of that metab wdsfufpedted. » tq 943 O39 boi 3 eed ut 
Urow: thelwhole}Ithink we) of 
-iron-fand examined, as compofed of g parts protoxide of iron, 
‘red oxide-of titanium. prefence of. titanium in 
‘this ore had'been already-detedted by. though, as 
Ihave not feen analy fis, cannop-fay an. what 
if boMiataib ,sbixo otidw w yldedorte fio 
‘Tue colour of. this:c ore.j is is iron-black, with a fhade of | 
Te confifts of, fmall, angular grains, rather larger. than thofe of 
the ironfand, but. very fimilar, to.them,in their, appearance. 
Their edges are blunt they. arefmoother; and. have. a. ftronger 
glimmering ‘luftre than. thofe. of. t the. jiron¢fand. Luftre femj- 
metallic, inclining to metallic., The fra@ure. could. not be di- 
ftinély obferved, but it feemed to be concheidal ; at leaft no- 
thing refembling a foliated fra@ture could be perceived, Opake, 
femihard, brittle, eafily reduced to powder ; colour | of .the 
powder unaltered ; Apecific attrad- 
ed the 


1. A HUNDRED grains ‘of the powdered o ore were mixed with 
fix times their weight of carbonate of foda, and expofed for two. 
hours.to.a red heat, in a platinum crucible. The. mafs obtain- 
ed being foftened with water, diffolyed completely in muriatic 
acid, When the folstion was concentrated, it aflumed the ap- 


* Ir, as the following analyfis would lead us to expeét, the fpecimen exami- 
ned was a mixture of four parts iferine, and one part quartz and felfpar, the. {pe- 
cific tiie of pure iferine fhould be 4. 964. 
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pearance of, the yolk of an. egg... I¢.was. riled, diluted with | 
water, and fet: afide, for,fome time, A-white,ma matter gradually 
depofited, which,, when dried ; ron:.the fteam-bath,. weighed 
grains);and poflefled the. Properties of oxide of titanium, 


Tas liquid thus freed from titanium, was ‘evaporated to 


dryneds, and. the, refidue ,rediffolved , in. water, acidulated, with 

muriatic acid,. A, white powder remained, which, after. being 
heated to rednefs, weighed 16.8 grains, and -Rnfletied ba pro- 

‘perties of 


3- Tus folution 7 precipitated bya ammonia, and the b rown 
‘matter which had feparated, boiled for fome time in liquid pot- 
ath. The whole was then thrown:son!a filter, to feparate the 
undiffolved part, and thé liquid which canie through, was mix- 
ed with a folution of fal ammoniac.:o Abmhite powder fell, 
which, after being heated to-rednefs, — 3-2 grains. It 


4. Tut brown fabftdnce on filter, was dried, 
3 in.oil, and heated to. rednefs, It attract. 
ed by,the magnet, and weighed 52 grains. 


rapidl 3 atted Upon, a quantity of muriatic aci we as ad d, and 


the digsftion continued, whole flowly. diffolved, a 
_blackifh which, became, white. when ‘expofed to. a fed 
heat, and, as far,as Te could, judge from i its properties, was ‘oxide 
of titanium, , flightly contaminated v with | Iron. weight 1.8 


grains. 


LF 


6.:F ux acid folution being concentrated by gentle evaporation, 


a number of {mall yellowith-coloured needles made their ap- 
K k ie | pearance 


| 
| 


pearance init. BY repeated! evapdtations, all the: eryftaly that 
would fotin wete'feputated: They weighed 6-graihs.- 
{dived hem’ in’ ?and 'to the’ foto: 
tidn. powder which foo ts 


be oxide of uranium. It weighed 4.2 grains. 


thé dotitathed 46 OF grains of 


to: 
THE following are the fubftances 
grain of ier, by the preceding 


Alumina, - 32 


by oxygen, which mutt fave-anitéd to’ the threé’ 
the proces. As to the filica and alumina, there can be little 
hefitation in afcribitig them to ‘Of fanid, which ‘had béen 
mixe with the ore. The pure probability, was 

of TF We fippofe that 
of thefe metals inthe Tite’ ‘protoxide, we 
diminifh the titanium by one-fourth, the iron ‘by one-feverith: 
nearly, and the uranium, adcording to experithencs, 
wie one-fifth. This would give us, 
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Titanium, 4 I. I 


Uranium, - 3-4 
Silica and alumina, 20.0 


103.9 


is fil. an per of nearly 4 per cent. But this I 
- ama difpofed to afcribe to the oxides of titanium and uranium, 
having been only dried upon the fleam-bath. Upon the whole, 
it appears, that, in the f{pecimens of iferine analyfed, the pro- 
portions of :titantum,and iron were nearly equal, and that the 
uranium did not exceed.4 per cent. The appearance of uranium 
furprifed me:.a good deal. I perceive} however, that it has al- 

ready been detected:in this ore, from an analyfis publithed by 
Profefior| Jameson, in the fecond volume of his Mineralogy, 
which, I anderftand, was made by Lamrapivus. The fpeci- 
men examined :by Lamp.apius yielded very ‘nearly 60 parts of 
titanium, 30:of iron, and 10 of uranium. Whereas, in mine, 
if the foreign matter ‘there ‘was 

4 


a 


But, there ‘can be ‘no: doubt, that the iferine which I analyfed 
was ‘Contaminated with a good deal of 5 
was to remove the whole. | 


4 ji 
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Analysis of the Grey Coprer Ore, from —— 


THE copper mine near Stirling, confifts of 
‘thin vein, which runs through the weft corner of the Ochils. 

It has been twice wrought, by two different companies. »But, 

in both cafes, was abandoned, after a few years trial. I -went 
to it fome years ago, and examined the ore, ‘at the requeft:of 
. one of the proprietors. The fpecimens which were employed 
for the fubfequent analyfis, were the pureft that I could feled, . 
out of a confiderable quantity. I was told, however, that from 

the lower level, which was at that time full of water, much 
_ richer ore had been extracted.’ But, afterwards; when the lower 
level was freed from its water, I went down tovit: mylelf, ‘and 
found the ore precifely of the: fame'kind as in the upper, with 
this difference, that it was more mixed: with sce enna fpar, 
and perhaps, on that account, more eafily felted.) 

THE veinftones in the Airthrey mine are fulphate of 
and carbonate of lime, and with thefe the ore is almoft always 
more or lefs mixed. 

Tue colour is at firft light fteel-grey ; but the furfate foon 
tarnithes, and becomes of a dark dull leaden-grey, and in fome 
places aflumes a beautiful tempered fteel tarnifh.. .Maffive and 
diffeminated. Infome {pecimens, j it.exhibits the appearance of 
imperfect cryftals. Internal furface fhining and metallic ; but, 
by expofure, it foon becomes dull. Fracture fmall-grained, 
inclining to even. Fragments indeterminate, and rather blunt- 
edged. -Semihard, the degree being almoft the fame as that of 
calcareous fpar; for thefe two minerals reciprocally fcratch 


each 
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‘eacly other. Streak: fimilar, 


matter, it was reduced to a coarfe powder, and carefully. pick- 
ed. It was then digefted in diluted muriatic acid, which dif- 
folved a quantity of carbonate of lime, es to 13 per 
| cent. of the of: ore. . 


| 2. parities, it was dried on fteam-bath, 100 | 


grains of it were reduced to a fine powder, and digefted in di- 


luted. nitric acid, till every thing foluble: in that menftruaum > 
was taken'up. The refidue was digefted.in.the fame manner, 
in tnuriatic acid ; and when that acid ceafed to ad, the refidue 
was treated with. nitro-muriatic acid till no farther folution 
could be produced. The infoluble matter was of a white,co- 
lour; it. weighed 6.9 grains, and was almoft entirely fulphate 
of barytes. No traces of fulphate of lead, nor of oxide of anti- 
mony, could be detected in it by the blow-pipe. 


gy THE three acid folutions being mixed together, no cloudi- 
appeared, nor was any. — 3 a proof that the 
ore no filver. | | 


ri foliation evaporated nearly to. was di- 
luted with water, and precipitated by muriate of barytes. By 
this means, the fulphuric and arfenic acids, which had been 
formed during the long-continued action of the nitric acid on 
the ore, and the prefence of which had been indicated by re- 
agents, were thrown down ; for nitrate of lead, added to the re- 
fidual-liquid, occafioned no 3 a proof that no arfe- 
nic was 

5- THs. 
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THe. liquid, thus freed from arfenic acid, mixed with 
an excefs of ammonia. It affumed a deep. blue colour, while.a 
brown matter. precipitated. It was feparated by the filter, and 
being dried, drenched in oil, and heated to rednefs, it was to- 
tally attracted the magnet. It 45:5 grains, 
was iron. 


6. Tue Liguia was ‘neutralised be falphosic acid, 
_and the copper shrows down by u means of an iron par It 


7. To afcontsin the quantity of falphur and arfenic, 199 
grains of the purified ore, in the ftate of a fine powder, were 
put into the bottom of a coated glais-tube,.and expofed for two 
hours to a red heat. When the whole was.cold, and the bot- 

tom of the tube cut off, the ore was found in.a round /folid 
mafs, having the metallic luftre, a conchoidal fracture, andthe 
colour and appearance of It had » | 
grains of its weight. | ‘* | 


8. The upper part of the tube was coated with.a yellowith- 
brown fubftance, like. melted fulphur. _It-weighed 12.6 grains. 
Thus, there was a lofs of 3.4 grains. As the tube was. long, 

this lofs can {carcely be afcribed to fulphur driven off. I ra- 
ther confider it as water. For towards the beginning of. the 
procefs, drops of water were very perceptible in the tube. 
Whether this water was a conftituent of the ore, or derived 


from the peer iin digeftion in muriatic acid, cannot be deter- 


9. WHEN the 12.6 grains of yellowifth brown matter de- 
tached from the tube, were digefted in- hot potafh-ley, the 
whole was diffolved, except a fine blackith powder, which 

weighed 


| 
| 
| 
| 7 
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~ ofrom AIRTHREY. 


grain, and -was. Abe: Portion I. 
confidered as falphur. 


Tae potafh | being mixed with nitric acid: 4 
grains of fulphur fell. The remaining 7.6 grains muft have 
been converted into fulphuric acid, by the action of the nitric 


acid. Accordingly, of barytes: a 


cH j 


precipitate. 


THE 84 roafted ore reduced: to a. 
powder, mixed with:half their weight: of. pounded charcoal, and 
roafted-a fecond time! in..a.glafs-nibe, one;grain of! fulphur fu-. 
blimedy But. the tube: breaking: before the toafting’ had been 
continued long enough; :the -procefs was. completed a: 


i! roafted weighed 70. grains. sic: 


Jo 


tuents of the. -Airthrey ore, as follo lows; 


Iron, 455 
Copper, - 
- 


Water, - 3-4 
Foreign bodies, 6.9 


99.6 


100.0 


If we fuppofe the water and the earthy refidue to be only acci-_ 


dentally prefent, then the only effential conftituents are the firft 
four, and the ore would be a compound of © 

Iron, 51.0 

Copper, 19.2 

Arfenic, 15-7 

Sulphur, 14.1 


ee 
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From the preceding analy fis, we. learn the confti- 


| 
; 

| 

| 

| 

| 

| 


268 


ANALYSIS of @ COPPER ORE, &e. 


If we compare this analyfis with feveral analyfes of grey cop- 
per ore, lately publifhed by Kuarrorn, wé fhall find, that the 
conftituents are the fame in both; but the proportions of the 
two firft ingredients are very nearly reverfed. KLAPROTH ob- 
tained from 0.4 to 05 of copper, and from 0.22 to 0,27 of 


iron. This renders. it obyious,, that the two ores were not in 


the fame ftate. I have little doubt, that the difference, how- : 
ever, is merely apparent, and that it arofe, altogether, from a_ 
quantity of iroh pyrites, and perhaps alfo of arfenic pyrites, 

which I coul not feparate from the grey: copper ore which B: 


- examined. Both of thefe minerals could be:diftin@ly feen in 


many of the fpecimens, intimately mixed'with the grey'cop-— 
per; and I have no doubt that the fame mixture exifted; even 
in thofe {pecimens which were feleGted as‘pureft. The differ. 
ence in the proportions of copper and arfenic, obtained by 


* in his various analyfés, is {6° tonfidérablé, to 


lead to a fufpicion, that ‘even his fpecimens, in alf probability, - 


contained a mixture sof foreign matter, 
° Jour. vol. p. £3; 13. 
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VIII, New Series for the QuapRaTURE of the Conic Sec- 
tions, and the Computation of LoGARITHMS. 
By one of the Professors of Ma- 
thematics in the Royal at Great Mar- 


[Read arth 1808.] 


i. HE Quadrature of the Conic Sections, and the Compu- — 
tation of Logarithms, are problems of confiderable 

importance, not only in the elements of Mathematics, but alfo 
in the higher branches of that fcience. On this account, every 
fuccefsful attempt to fimplify their refolution, as well as any 
new formule which may be found applicable to.that purpofe, 
muft always be interefling, and muft in fome meafure contri- 
bute to the improvement of mathematical knowledge. 


2. THE object of this Paper, is to give folutions of thefe 
problems, which thall be at once fimple and elementary, with-— 
out employing the fuxional or other equivalent calculus ; and 
it is prefumed, that thofe which follow, will be found to par- 
take fo much of ‘both thefe ‘properties, that they may even ad- 
mit of being incorporated ‘with the elements of Geometry and 
Analyfis. Befides, the formule which refult from the invetti- 
gations, are, as far as I know, entirely new, while each is appli- 

Ll 2 cable 
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cable to every poflible cafe of the problem to be refolved. Now 
‘this laft circumftance is the more remarkable, as it generally 
happens, that’ a fertes which:applies: very well-to the-quadra- 

ture of a curve within certain limits, is quite inapplicable be- 
yond them. 

AuTHovGH, i in a a general way: ‘this ‘Paper may be faid 
to treat of the quadrature of the Conic Sections, yet there is one 
of them, namely, the Parabola, which I fhall'not at ‘all notice ; 
- becaufe, although its area may be found in a way analogous to 
that which is here employed in the cafe of the. other two, yet 
the formula which would thence refult, muft, from its nature, 
be the fame as would be some by Seka other mode of proceed- 
ing. | 
As the inked of the ellipfe, od any hyperbola may be 
deduced from thofe of the circle and equilateral hyperbola, I 
fhall, in the following Paper, treat only of ‘the two laft ; 3; and 
as the quadrature of a’ {eCtor of a'cirele, and the rectification 
of its bounding arch, are reducible the one to the other, it is a 
matter of ‘indifference which of thefe confides, thall, 
confine myfelf to the latter. 219991) 


4 IN treating of logarithms, I tatiche: after the example of 
the earlier writers on this fubje@, deduce the formule for their 
computation from thofe which we fhall find for the quadrature of 
the equilateral hyperbola. I prefer, however, treating this’ fub- 
_ jeétin a manner purely analytical, without adverting at all tothe 

hyperbola, being of opinion, that every branch of mathematics 
ought, as much as poflible, to be deduced ‘from its: own pecu- 
liar principles; and therefore, that it would be: contrary to 
good method, to have recourfe to the properties of geometrical 
figure, when treating ofa fubje@ entirely arithmetical. 
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To*proceed:now:in the inveftigation of: .the. different 
ries, for the rectification ofan arch;of.a-circle, let A denote 
any arch, the radius being unity, the 
of fines, we have 
I I 
ta A. 


In this formula each term of the fries’ a 


I I I I I 


(which i is a geometrical progreflion, having the iii of its 
terms #, and its common ratio +,) be fucceffively fubftituted for’ 
A, and let the refults be multiplied by the terms of the corre- — 


{ponding feries of fractions 


then we fhall obtain the following feries of equations : | 
I I ee 
= — tan 74, 
2tanta Atan-a 
I 
4tanta 8 tania 
— —tan-;a 
tania 16 tan;';4 
an tan tan 2 
I I a 
tan —— 2" tan 


NEW SERIES for the 


the fums of the fides of shale equations 
be taken, and obferving thattheferies 


is found in each let it be from 3; and the re- 
fult willbe 


tana- 2 B 426 
+3 


the number of terms wet the feries in the _parenthefis being 
and we have | 


3" | | 
— tan tan 


16 an 


6. Now, 2tan4a is the ts eae of a figure formed by 
drawing tangents at the ends of the arch 4, and producing 
them till they meet; and 4 tan 4a is the perimeter of a figure 
formed by bifecting the arch a4, and drawing tangents at its ex- 
tremities and at the point of bifecion, producing each two ad- 


joining tangents till they meet ; and in general 2" tan = is the 


poe 8 of a ome formed i in the fame way; by dividing the 
arch 


| 
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ainto, equal parts, and drawing tangents at the 
points of divifion, and the extremities of the arch. Therefore, 
denoting the perimeter of the figure thus conftructed by P,. we 


I I +t! I 
—, tan —. — tan — 5 
and this is'true, whatever be the number of terms in the feries 


7-,Now fuppofing » the number of terms in the feries, to in- 
-creafe, then 2°—!', the number‘ of equal parts into which the 
atch as conceived. divided, will alfo increafe, and be- 
come greater than any aflignable number. But it is'a principle 
admitted inthe cleménts 6f geometry, that an arch being divi- 
ded, and 4 polygon defcribed about it in the: manner fpecified 
in article 6; the perimeter the polygon wil)coutinually 
piohch to the’ Circular ae lafdiffer from it by 
lefs than any given Therefore, if we fuppofe 2 inde- 
finitely that the feriés Hiny infinitum, chen, in- 
eid GF Pid the OF left article, we may: fabftitute 
its limit, namely, the arch a, and thas'wethalb have 


—— tan — a+, &c. fy I 
,* We may here obferve, that this formula may be confidered as the analy- 
tic expreffion of a general theorem (which is not inelegant), relating to regular 
_ figures defcribed about any arch of a circle; and others analogous to it will 


occur in the following inveftigations. 
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Thus we'have the elronlar’ arch; or rather its reciprocal (from. 
which the arch itfelf is eafily found), exprefied by a feries of a 
very fimple form ; and this is the firft formula which i ssi 
fed to ov for the rectification of the circle. pil 


8, We now erioaed to inquire what is the degree of « conver- 
gency of this feries. In the firft place, i it appears, that the nu- 
meral co-efficients of the terms are each one-half of that which 
goes before it. Again, A being any arch of a Circle, we have 
by a theorem inthe elements: of geometry, fec :itamA: 
—tan;A: tan; A; therefore, I fee Ay tan; A, 


and hence tan 4 A= ey But as ‘fee A is erent than 


therefore 1+ fec A tnuft be greater’ than 2, and confequent- 


muft be lefs than A.» Thus; it ‘appears, that a, being. any. 
arch lefs:than:a;quadrant, the tangent any one 9 he ferjes, 
of 4 gas lefs, than-half: the. taps 
arch before its) //By: combining the gate of convergency of t the. 
tangents with that of their, numeral: coefficients, it, 
that each term of the feries, after, the fecond, teh the 
fourth’ of} the: term before it 5! and ‘this,is,one limit pate, 
of convergency’ af the bas dois ati 


9. Aeatn, tonfind et us fame the formula 


tan A tata A 
tant A= fec A” from which it follows, that ——2— 
or OL 
» and that ——+— tan A But 
tan tant 1+ {ec 


| ai 10999 


$ 
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“ng 

fince fec. A <fec A, and congue ies 
tan! Ay A tant A 

therefore tam and tant tan x tan LA, 


In this let + ta, +a, ta, &c. be fabftituted for. A, 
and let the refults be divided by, 16, 32, &e. 5 ny then we get 


+tania_ 

+tanta 

&e. ‘ 

from which it appears, that in the feries, + a 


cach term the third is, + tan + is greater 
than a third proportional to the two terms iadalieihistaty before 


it, taken in their order; and this is. another limit to the rate of. | 


‘of the feries. 


Zo. Taz limits whichiwe awe, found t0.the sate o£ 
gency of the feries, enable us alfo to affign limits to the fum _ 


of all the terms after any gwen term. Let the feries be put. 
under this form, 


+ T(m4 2) 
VI.—P. IT. Mm where 


e 
7 
e 
> 
‘ 
| 
‘ | 
- | 
¢ 
a 
q 
> 
‘ 
> 
as 
‘ . 
¢ 
> 
¥ 
*. ' 
a, 
> 
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| where T (a) T (m4 Tim42), &e. the terms whofe 
_ places in the feries are exprefied by the numbers m, - I, M+2, 
‘&e. Then, becaufe | 


‘T(m42)< 
"T(m+3)< 


“Tim+4) < T (m4 3)s 
&e. 


We have 


+ T (m+ 3) “}- +, &c. < - 1) 
+ T (m+ 3) &e. ) 


‘That is, putting S for T(m+42) + T(m+3)+ 48 &c. or 
for the fum of all the terms after T (m4 


(Toes 1) S), and 3 S< Tint), &§ T(m+1). 


ee it appears, that the fum > all ng terms of the feries fol. 
lowing any term after the firft, is vend = the third part of 
that term. 


II. re from what has been faid in Article 9., we have 


Ln+2)> T(m41), and therefore > > 


(my1) Tem) 
and fimilarly Tinta) and > 


and 


| 
| 
, 
if 
i 
| 
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and fo on,. From which it follows, that — | 


T(m+1) 


T(m42) > Fm) 
Te | 
Tents) > 


T(m 
T'(m+4) > T (m43)s | 
| (m) 
&e. 
HENCE, taking the fum of the quantities on each fide of the 
fign >, and putting S for 


T(m42) + T(m43) + Tata) +, &c. 
we get | 


> 1) + S). 


Therefore S — Ten S> , and confequently by. re- 


duction, 


+ 
T(m) — T(m+1) 


T(m+1) > 


from which it appears, that the fum of all the terms following 
any afligned term after the third, is greater than a third pro- 
portional to the difference of the two terms immediately be- 
fore it and the latter of the two. But fince this limit will not 


differ much from the former, which is : x ye 1-73; it may be 


more ly expreffed thus, 


— 4 r) 
3 (T(m — T (m+ ») 


>- ; Tm+1) 5 


Mm 2 | which 
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which Shiites is _—" will be found to be the very fame 


as the other. 


12. then, of the whole inveftigation, may be 
ae briefly ftated as follows: Let 4 denote any arch of a circle of 
| _whicii the radius is unity, then fhall | 


I I I 
~ tan @ tan tan a =, tan eeee 


_— T(m) + T(m+ 1) + S; 


where T(m) and Tet 1) denote any two fucceeding terms 


I 
a 


of the feries tan ~ tan a+, &e., their places in it 


being expreffed by the numbers m and m-+-1; and where S is_ 
put for the fum of all the Reapnaiaing Perms ; and the limits of S 
the two quantities 

3 (T (m) —Tom+1)) 


is, S is lefs than the former, bout — than the latter. 


The expreflions tan 4, tan az a, tan 4a &e. are de- 


duced from tan a, and from one another, by a well-known for: 
mula in the arithmetic of fines, which may be exprefied thus, 


| 
tan’ A tanA 


i | 13. I Now proceed to the inveftigation of a fecond formula 
ig for the rectification of the circle ; and for this purpofe refume 
the 


| 
} 
i 
| 
4 
| 
| | 
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king the each fide, i is to 


tan’ = 
In this formula, fet each term of the feries of arches 


Qa, 


of which the number of terms is 2, be fubftituted fucceffively 
_ for a, and let the refults be multiplied by the correfponding 
terms of the feries of fractions, 
thus there will be formed the feries of equations 


I | I I 2I I 
tan @ 4 2 2? 
2 tan >a 4 tan 7a + 
I | : I I I I 
8* tan* +a 16° tan’ + 44 16 2.43” 
220—2 tan 229 tan’ 2.401 
Qn 


Let 
¢ 
} 
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Let the fum of thefe equations be taken, as in the inveftigation } 
of the firft ae and obferving that the feries 


Spd: 


is found on both fides of the eres equation, let; it be reer 
ed from both ; then we obtain ee 


I 
22" tan? 
I 2 a I | I I I 


Now it appears, that one -* this expreffion, viz. 


is a geometrical feries, the firft term of which is = the laft 


term —~—. and common ratio — ; therefore its fum is 


afc 
3 3 (x =} 
Ao, fince 2*tan <= is the expreflion for the perimeter of a 


polygon, formed by dividing the arch a into 2—1 equal parts, 
by drawing tangents.at the points of divifion, and producing _ 
| the 


* 


| QUADRATURE of the CONIC SECTIONS, &e. 281 
the adjacent tangents until they meet, (Art.6.); therefore 
22" tan? <, will be the fquare of that perimeter. Let the pe- 
rimeter itfelf be denoted by Pp, then, fubftituting P* in the ~ 


equation snftead of 2* tan and = inftead of the 


feries to which it is equivalent, and bringing -— to one fide, 


| P 
we get 
( 
—(- tan’ a+ tan’ a+ ~ tan’ + tan’ 


15. TuIs is true, whatever be the value of n, the number of 
terms of the feries in the parenthefis. Let us now conceive 
_ the feries to be continued indefinitely, then, as upon this hypo- 


thefis, n may be confidered as indefinitely great, = will become 
lef than any aflignable quantity, and therefore 2 


~ ; moreover, P will in this cafe become a, 


(Art. 7. ), and P* will become a’. Thus, upon the whole, we 
| 


~ > 
| 


& 
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tan @ 3 
L 


and this may be confidered as a pe formula for the rectifi- 
cation of any arch of a circle; for the procefs by which an 
arch is found from the fquare of its reciprocal is fo fimple, 
that the latter being aaeshiied the former may amo be regarded 
as known. 


16. InsTEAD of the fquare of the of 
the arch in this manner, by the fquares of the tangents of its 
-fub-multiples, we may expres it otherwife by the {quares of 


their fecants. For fince tan* - a= fec*? a—1, and tan’ 


= fec’ a — 1, and fo on, therefore the feries 


1S equivalent to 


f % {¢ 


4 


tee), 


But the latter part of this expreffion is evidently an infinite 


>. 
7 > 
a q 
q 
~ 
f 
} . ‘ ° 
| 
| 
‘ 
q 
id 
| ‘ 
’ 
A bad * 
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geometrical feries, = which the firft term is 4 y _ and ratio 2 
therefore its fum will be by ubttion, and 


ting for + we have 


which i is s the feries to be taechigneed. 


is, another form, under which the fe- 
ries brought out in Article 15. may be given, and which I con- 
fider as the beft adapted of any to the actual calculation of the » 
length of an arch, This transformation will be effected, 


—cof2A 


inftead of A, we fabftitate faccefively a, a, we 


fhall than a feties fraétions of. the form — 


1+ cof? 


which being fabftituted inftead of their equivalents in the for- 
mula | 


+; | 
Vou. VI.—P. I. No 


I I (- rr al I I I I 

(067 Dig fec? a +-= fec’ = a-+-— fec? 

2 +3 8 hy 16 

on G 
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1+ cof2a4 +? 2 


—cof2a 


I 


OF, putting 2 inftead of a, and inftead of and fo on, 


thet formula may contain cofines of the 
ra and. its and the whole. | 
4; 


I+cofta I+ co Lg 


r 


| I 1—col 


and this is the fecond feries which I propofed to 0 inveftigate, 
reduced t to its moft convenient form. 


18. WE may two limits to the rate, conyergen- 
cy of the feries juft now found, in the fame manner as we haye. 
found the limits of that of our firft feries ; and, indeed, the rea- 


foning“employed in the one cafe is immediately. applicable to 
the other. For if the firft feries, whichis =< bes 


~ 


a a 2 


be 
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be pat under this form 


= tana Tay + + Ta) +, &e. 


for tan— ke, as the formula given at t the conclufion 


ofthe laf arti; by tan’ for 


and tan for and fo on, | 
it may be otherwife rt thus 7 
11 + cofa I vi 
a’ 


Tg) +T 0) &e.), 


where it is to be obferved, that the fymbols T'(2), TG), Ta). 
_ denote the very fame quantities in both feries. — 


Now, as we have. found (Art. 8.and,9.),, that each term of 
the feries of quanticles T (2), » Ta), » Sec, is is than of the 


term immediately before, but greater than a third siiia Ne 
to the two terms immediately before it, taken in their order, it 
N n 2 is 
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-manifeft, that each term of the feries in-our fecond formula 
muft be lefs than = of the term before it, but greater than “2 


third proportional to the two terms immediately preceding it ; 
and thefe are the limits to the rates of convergency of our fe- 


cond 


IQ. Wa may alfo aftign limits to the fam of all terms, 
any propofed term: for it under this form 


I 
fi 


(1) + Te) + + Tes &e. ? 


where T(2), +++ T(n), now denote merely the terms 
of tne feries taken j in their —_ then becaufe - 


“ph 


‘&e. 


| 
1 

| 

| 

T(m+3) < T(m42)> | 

| 
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That is, putting s for + Te 5) $s 
+ Sf, and hence S<— 


Thus it appears, that the far of at the terms 
te 
term, is lef than term. 


20. As to.the other limit, it muft be the fame as the like li- 

‘mit of our firft feries, on account of their having the fame li- 
mit to their correfponding rates of . convergency. That is, 
putting S to denote as above, then 


To 


Temi) 


T 16T 


ay. Ir yet for’ to confider how the feries of quan- 


tities ke. are to be found. Now this 


may be done, either by computing the cofines of the feries of 


arches 4, : a, 5% a, 3 a, be. one from another cl meatis of the 


formula A=NI+ and computing the fe- 


1—cofta 1—cofta 
ries of fractions Or we may 


compute each fraétion at once from that which precedes it, by 
a formula which may vad thus inveftigated : 


Put 


- 
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I+cofA 


=?t, an 


I+? 


fac. 
and alfo cof cat 


I+ col A 


mom now cof : A 


I — | I 


22. Uron the whole, then, the refult of the inveftigation of 
the fecond feries may be ftated briefly as follows. Let a de- - 


note any arch of a circle, its radius being unity, then 


I 1+ cola | 
1—cola 1 ar - | | 


I I—cofta, I—cofia I—cofia 


+T + Tain +8 


where T(m) and T(m+1) denote any two fucceffive terms of the 


feries in the parenthefis, and S denotes the fum of all the fol- 


_lowing terms ; and here S will always be between the limits 


— 16 Tm ) Tm 41) 
In, T% (T(m) (m4.1)) 
T5 15 (Tm) — Tm41)) 


~ that is, it will be lefs than the former, but greater than che lat- 


ter quantity. 


THE feries of cofines are to be deduced one from another by 


cof A= cots. 


Or, 


| 
i 
| 
| 
| 
| 
| 
| 
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Or, compute the feries' of quantities 7, 7,2", 2”, Be one’ from 
another by means of the formulz _ s6iganp: 
I+ cola. 


where T(m), T (m4. 1); and S dendte the fame as before. 


I. consipER this fecond feried for the of the 
circle (under either of its forms), as preferable te the other fe- 


ries given at Article 12. for two reafons ; firft, becaufe of its 


greater rate of convergency, and, next, becaufe the quantities 


cof a, cof = cof alfo. the quantities ty t”, &c. can 


be deduced more ‘aly one than the feries of 


tan tan a, tau a, tan 4, 


- 


AT ‘we “may another ‘ties, ‘us 


réfime the fornia = 3 thé “cubes 
of both { fides of thie equation ere now taken, tug refult‘is 


I —} ; 1 


To 
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To the, fides this equation the ies of 


equation © 


be added ; then we get 


I I 


(aa! A+tan ZA), 


tan? A’ . ‘tan TAS, 


tan = ‘A 5A) = fee? therefore, fab 


we get 


tan?itA™~ 8tan?tA 8 4 fec 
24. From this formula, by: fabftituting a, 4, 


for A, and the fuccefiive -refults by the fractions 


I, coe we dednce the following feries of equations, 


i 


the number of whe 1 is n: 


| 

| 

| 

| 

| 

| 

2 

| | | {ec a 

| “tans a 

| 

| | | 

I 
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— — tan -@ 
4? tan’; Stange 
| 2 @ 
2 tan tan? _ 8 
I a 2@ 


Ler the fums of the correfponding fides of thefe equations 
be now — and. — from both the common feries | 


23 tan? ta 23 tan?+a ese 
the refult will be | 
bie 
| 


fec’ +4 fec?+ a. por 
VoL. VL—P. II. O Oo and 
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and here the number of terms — the feries i in the pa- 
-renthefis is 7. 


_ Let us now conceive the feries to go on ad infinitum, b that 
i may be confidered as indefinitely great, then it is manifeft, 


that fec’ — will become equal to. rad’; now 2s tan Sr Will be- 


come 4, (Art. 6. and 7.) therefore 23“ tan? will become a?'5. 


fec? 


hence, fubfhituting 2 for in our equation, and 


2**tan? 
an 4 


fpofing, we at laft 


and this is the third feties which I propoted t ta  invetigne foe 
the rectification. of a an » arch of a circle: 


25 Tus. feries ‘we have vuft now ‘found, 1s evidently. of a. | 
very fimple form ; it alfo converges pretty faft; éach term be: 
ing lefs than the 16th of that which precedes it, As, however, 


to apply it to actual calculation, it. will be néceflary to ex- 


tract the cube.root of a.number, which is an operation | of con- 
fiderable labour when the root is to be found to feveral figures, 


confidered as a practical rule, this third formula is in- 


rior to the twa. former. - Bur if,-en the’ other ‘hand, we re-. 
gard it merely as an elegant analytical theorem, ‘it doesnot: 
of notice than either, ef them., 
26. THE 


‘ 


| 

| | 

| 

| 

| | 

| 
| | 

| 


4 
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26. Tue mode of réafoning by which we have found feries 


‘exprefling the three firft powers of the reciprocal of an arch, 
cwill apply equally to any higher power, but the feries will be- 
‘come more and more complex as we proceed, béfides requiring in 


their application the extraction of high roots. In the cafe of 
the fourth power, however, the feries is fufficiently fimple, and 
converges fafter than any we have yet inveftigated, while, at 
the fame time, in its application we have only extractions of 


the: fquare toot. ‘On thefe accounts, I thal here give its 
| 3 


let the fourth power, and alfo the “es of each, fide of the 


equation be taken, the refult will be 


I I I 


and let the refults. be added ; She 


to a common we get. 


LET us, for the fake of the complex quanti. 
a+ 4 A, by the fymbot A, (which i is not to be under- 


ty A 


ftood as the produdt of two quantities f and A, mE, as a charac. 
ter denoting a particular function of the arch A ;) and, fimilar- 


ty, let be denoted by f +A, andfoon. Alfo 


Oo2 


tal 
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let the other expreffion 4tan’ A -+ 3tan’+ A be de- 
noted by F 4+ A; and if there were others like it, that is, which 
- only differed by having: A, 4A, &c. inftead of 4 A, they would 
be denoted by A, A, then our Taft — will 
fland — 
fan 

and fimilarly, putting + LA, 4A, &c. for A and 
the by the feries of fractions 
&e.. 


&c.. 


By continuing » ah feries of equations to # terms, and then 
taking their fum, and rejecting what is common to each fide of 
_ the refult, exactly as in the inveftigations of the three Preced- 
ing formule, we thall get 


_ and this equation holds true, 2 being any whole pofitive num 
ber whatever. 


| 
| 
| 
| 
| 
27. LE? 
| 
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Let us how, however, fuppofe’# itdefin nitely great, 
‘da Psits ot bog at 


tan and confequently 4 tan" vaniths, and 2" "tan 


bacouties A, as we have already had to 6. 
and Alfo the feries _ 


having the of its terms ‘great, and their 


common ratio will be Therefore, by fubftitution and 
we have 


=fa+it— A+, Bc. 
or, for fA, and F &c. the which 


thefe fymbols, exprefs, 
, 14 
tan* A I 5 


and this’ is. one form of thie feries which we to invef- 
. 28. Tuts. 


the quantity files or 2°, becomes fimply be- 
tan— | 
2" 


this quantity let 
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28. however, admits of being. uader 
another form, better to and to effedt this 


transformation, let us begin with the term. oIn 


rat be fabhited for tan’ (Ai it 


tty 


becomes, after proper redution, Fe ofa A- 


gain, in this expreffion’ let ut cal be for 


~ 


2A, we then get 


Tue remaining terms of the feries, " which ‘ate fimilar ¢ to one 


another, and of the form 4 tan* + 3 admit of a 


tan* A, and again for cof” Ai in 1 the 


By 


| 

| 

| 

| 

| 

! 

| 
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By transformed in feries, it 


+ “34 + &e.} 


“Fiat, tet 4 t@ be now fabftituted for A, and 44 for +A, 
and fo on, and let the refult be cpp by 3x 16 ; then we: 
have 


13 —ecofa-+ 12cofte 
| at 3+ cola— 4colza 


13 
which is our fourth; general feries for the rectification of an: 
arch ; and its rate ef convergence.is very confiderable, for each. 
term is lefs than. ,',th of the term before it. The feries, how- 


ever, approaches. geometrical progreiiion, of 
which the common ratio is ;';. 


a9. preceding as well:as-innumerable others, 
may in like. manner. be the 


tan nA = =. tand all agree in exprefling @ power. 


of the reciprocal of an.arch. by an infinite feries, the terms of 
Which 
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which are like functions of a feries of arches, formed from the 
arch to be rectified, and from one another, by continual bifec- | 


tion. We may, however, in the very fame way inveftigate the 


formule which fhall exprefs the reciprocal of the arch and its 
powers by like functions of arches deduced from one another 
by trifection, or any other fection whatever. The moft fimple | 
formula, which exprefles an arch by functions deduced from — 
it by trifection, may be inveftigated as follows : : 


3 tan + A— 
30. From the known tan A. = I—3 tan 


we readily get 


tanA 3 tant 3tanz A 3 A’ 


and hence, by fubftituting a, +a, ta, &ec. facceflively for A, | 


and multiplying by the terms of the feries 1, 3, 4, &e. we de- 


rive the following equations, 


gtanga@ 3° 3—tan’ 5a" 
Qtan$a™” 27tan;,4 33 


Now conceive this feries of equations to be continued, till . 
the number of equations be 2, and their fum to be taken, and - 
the quantities common to each fide of the refult rejected, as in 
the inveftigations of the other formule ; then we fhall have 


k 
| . 
+ 
| 
4 
a >» 
f 
i 
& 
| 
I 
: 
| 
| 
i 
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+ 8 tanya 
2. 


| And this i is true, n being any number whatever. N ow, era we 
confider that 3" tan the ‘the fides of a 


by dividing the arch into equal parts, and drawing 
tangents at the points of divifion, whofe orders, reckoned from 
one end of the arch, are:indicated by even numbers, (that end 
itfelf being reckoned one of them), and producing each to meet 
thofe adjoining to it, and the laft to meet a radius of the circle 
produced through the other end of the-arch, it will be obvious, 
that n being ‘fappofed t to increafe indefinitely, the expreffion . 


ge: tan = for’ its: limit the a, and i in this cafe the 


feries: wil ‘on ad infinitum. Thus we thall have 


I tanta: 3 nia 


a tana 3 3—tanja@ 3 3- 3° 3— —tan' 


and this is the feries which I euege to invetigae 


+ 


ot bow att 


§$ . 

and by tranfpofition, 
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31. THE feries we have juft now may be prefented 
under various. forms. Thus, by Confidering that | 


I — cof A _ afin A cof A _ 


it will appear due the feries. may be other- 
wife expréfied 2 as fol ows : 


} Log 


* 


And other forms might be. given, to it, ‘but they would all con-, 
verge with the fame quicknefs, and. each term would be lefs » 
than Sth lof the term before it. “Phe feries, ‘however, under > 
whatever form it be given, and all others, which like it;require:; 
for their application the trifeGtion of an arch, are, when com- 


: | tical rules ; becaufe it is well known that to determine the fine, 
does not admit of being refolved otherwife. thanby: trials;‘or: 


‘not be attained by eafier means. 

a As from the different feries we have found for the recti- 
fication of an arch of a circle, the f{pirit of our method ‘mutt ‘be 
fufficiently obvious, I fhall not inveftigate any others at pre- 

 fent. 


tan A 2finA ~ 1—cofaA’ 
tanA . 2finAcofA 1, fingA, 
3 — tan A cof" A— 1 21+ 2col2 


4 | pared with thofe we formerly inveftigated, of little ufe as praca 


Es or other fueh funétion of an arch’ from a function of jts-triple, 
is a problem Which produces a’ Cubic equation of 4 form which | 


* 


| by infinite feries, both of which procefles are lufficiently 
ae rioys, and only to be employed where the objed i in view can- 


{ 
| 
| 
| 
} 
4 
4 
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fent.. Before leaving this part of our fubject, however, it may 
‘be proper. to: obferve, that the fecond: feries. may be deduced 
from the firft;:and the ‘third fromthe ‘fecond, and fo on with 
-refpe& to innumerable of the fame kind, 


or differential calculus... 
refaming the fib feries 
I I 


= ——-+ - tan - tan 


quantity, we have 


—da _—dafec*a 


21 al 


hence, the figns, and a a from each 


term, and d patting I + tan’ for fec*? 4, we find 


I 
a 


Jn this expreffion, inftead of the numeral feries ats 


(which is a geometrical ae having its common ratio =) 
fubftitute its value, viz. S and the refult is 


which | is identical ia the sci foand at Art. I 5. | 


From 


| 
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From this by a like of proceeding, we may de- 
“" poe our third feries; and thence, again, our fourth, and fo on: 
but this mode of inveftigation, although very-fimple, is certain- 
ly lefs elementary than that which we have followed. . And it 
muft be kept in mind, that one principal object of this paper is 
to employ only the firft principles of geometry and analyfis in 


By a of dedudtion differing little that 
employed in the laft article, we may even: derive our firft feries 
from a known formula, the invention of which is attributed to 

EvLer. is this, 


From this expreffion, by the theory of logarithms, we ‘get 


a = fina fee a fect afec? a+ gc, 


jog a = log fina + log fec a+ log fee! a+ log fee a-+, 


we have now only to talks the fluxions of all the terms, and re- 
ject da, which 1 is found in each, and the refule i is 


I 
+ tan a+ tan? at &c.. 


which is the feries in nadine 


34, 1 Now penned to. the. inveftigation of formule for the: 


quadrature of the hyperbola, and as the principles from ie 


* Tus formula, although very elegant as an analytical transformation, does. 
not feem to.admit of being applied with advantage to the reétification of an arch,. 
on account of the great- number of factors of the which would be requi. 
red to give a refult tolerably corre&, 


i 
i 
f 
| 
| 
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they are to be. deduced are in effe@ the fame 4s we have had 
occafion to employ when treating of the circle, it will be pro- 
per to ufe the fame for'm-of réafoning; and ‘the’ fame‘ méde of 
notation, in the one cafe as in the other. | 
THEREFORK, in the equilateral hyperbola’ ABB, of which C 
is the centre, (Plate IX. Fig..1.), and CA the femitranfverfe axis ; 
let CB be drawn to any point B of the curve, and BD perpen- 
dicular to CA; then, in imétation of the notation commonly 
ufed in the arithmetic of fines, which we have followed in the 
former part of this paper, we fhall confider the co-ordinates 
CD, DB, as functions of the hyperbolic feétor ACB, and put- 
ting S to denote its area, we fhall: denote the abfc CD 
_abS, and the ordinate BD by ord 


Draw AE touching the curve at its vertex, ae mepting cB 


in E; ‘ches, from — triangles, we have AE = cD x CA ; 


therefore yl the femitrantverte a axis AC to be un ty, 


AE = ord 8 . Now this expreffion for the tangent correfpond- 
ing to a hyperbolic fector S, being analogous to SOTA’ the ex- 
preffion for the tangent of an angle A, we may; fimilarly de- 
note AE by the abbreviation tanS. In like manner, if CB’ be 


drawn to a point B’ of the curve, bifecting the fetor ACB, and 
meeting AE in E, atid B’D’ be drawn perpendicular to CA; 


then, as the fector ACB’ will: be = ~S; it follows, that. 
CD'=ab1S, BD'=ord?S, and AE’=tan!$; and fo on. 


35- From: 


- 
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3 From the nature of the hyperbola, we 
ont ord $= aab 1 S ord? 


therefore, by divifion, 


‘ab'S ‘ab + S 
‘ordS = 20rd $8 2 


Tus formula a of the hyperbola 
fectly analogous to that of the circle (Art. 5.), from which we 
have deduced our firft four feries’ for the. rectification of an 


inftead of s, and d multiplying the exis of number 
we as in that article 


= tan 5, 


I I 
(atangs rs," 4 4 


Turis feries of equations being fuppofed continued until their 
number be #, by proceeding wey as in Art. 5. when: creating 
of the circle, we obtain ° 


| 

| 

| 
| 

| 

| | 

| I 

| that i tan -S. 

| 

| 

| 

| 

| 
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T° j i 


LET us now fuppofe the hyperbolic fector ACB to 
vided i 2” equal. parts, by; lines. dri the centre to the. 
points 1, 2,'3, 4,...-7 in the’curve;'and tangents to be drawn 
at-the extremities: of the hyperbolic arch AB, and at the:alter- 
nate intermediate points of divifion 2, 4, 6, &c. fo as to form 
the polygon AFF'F’ F“ BC, Then, _by-a known property of | 
the hyperbola, the triangles ACF, FC2, 2CF’, FC4,... F” CB 
are all equal, and as their number, is 2", the whole polygon 
bounded by the tangents, and by the ftraight lines AC, CB will 


be equal to the triangle ACF taken a" aon _ But the area of 


} 


this triangle is ; AC x tan AF= = tan— 


2” twice the area of the polygon 


AFF BC. Let Q denote this area, Q 


tan =, and multiplying all terms res 
we have 


Q moti od grt 03 babulle 
— tan — 
2" 2" 


Now 


| 
|. tans 
| 
| 
| 
| 
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Now, the rectilin 1 {pace Q is evidently lefs than the a 
perbolic fector s ; but 2 may be conceived fo great that the dif- 
: a _ ference between Q and s fhall be lefs than any aflignable {pace, 
as it is eafy to demonftrate upon principles ftri@tly geometrical ; | 

therefore, if we fuppofe » indefinitely great, then Q becomes | 

ss and as, upon this hypothefis, the feries goes on ad infinitum, 

we have 


which is our feries for the quadrature of an 


as 


slodisg yd 


equation in of tan we get the formal 


2 tans — | 
© r 


which ihe feries of tan tan - &e. be 


ord s 
deduced tans = and one 


37. Tx is expreflion for an hyperbolic fector is perfectly 
| fimilar ‘in ‘its form'to that given if Att, 7: for an arch of a 
circle. It may, however, be transformed into another better | 
adapted to calculation, by means of a property of the hyperbo- 
| la to which there is no. coure{ponding property. of the cirele, or 
| | at leaftgone that can be expreffed without employ ng the‘fign 


| /—1 The property alluded to be from the 
| own 


| 
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knows formule 3d) doin, 


x 


2 ord — (abs s+ ord ord 


by proceeding as each fide the latter of thefe 
equations be divided the fide of the 


ord — (abs + ord (ab s—ord 


riz 


(abs + ord)" + (abs—ord ipa 


“which age is equivalent’ to this other one, 


ord 
bs—ords 


ab d 


& 


| 
LET us now put p for the fraction abies ont?” then, re- 


| 
marking that 


= tan = > we have 


Vo. VI.—P. II. Qq : an 


ab 
n | | | 
| n 
p +t 
| 
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an equation which expreffes the we propofed to 


38. WE have now aly to iains n in this folmula to have 
thefe values, 4, 8, &c. fuecegively, to inftead 
of the terms of our feries)- 


2 
tans TAR 3 tan. tan ‘teak &e), 


| as given by the potting alfo ords ‘inftead 


abs 


of tans, and the feries becomes 


and this is the new form under which we cpropoted to exhibit 


\ 


39. LET us now inquire par are the limits of the rate of 


convergency of this feries ; ;and in’ in doing’ this, it will be moft 
convenient to refer to the firft of its two‘forms. N ow, from 


I 
tan ~ tan S (1 + tan’ S). . But 1 + tan’ S> 1, and 
I I dp 
therefore - tan S (1+ tan’ : S) > > tan S, hence it follows, that 


tan Thus it appears, that each: term of the fe- 


ries 


it 

st 

i 

i 

at 
7 

} 

} 

‘ 
i 
{ 
i 
7 
ry 
3 
> 
££ 
| 
| 
7 
] 
i 
} 
} 
3 
4 

* 
| 

* 
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J rf 


ries of quantities Sy, is greater ‘than half the 


term before it ; and as thefe, the fractions 


&e. conititute the terms the bem 
the feries, under either ‘of its is obe-fourth 


2 tan + 


I tan* - therefore and 


hente tan < Therefore, putt ing ‘tes of S, 


and multiplying by rr we have 


I I I 
n | 22 


from which i it appears, that each term of the feries, following 


the fecond, is lefs than a third. proportional to the two terms 
immediately before it. So that, upon the whole, it appears, that 
the limits of the rate of convergency of our firft feries for an 


hyperbolic fector, are the fame as thofe of our firft for an arch 
Qq2 3 of 


I + tan’ S. of the 


we find 2 fan 2 
i Pid 
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ofa circle. (fee Art. 8. and 9.), only the greater limit i in the 


Versa. 


one cafe correfponds to the leffer limit in the other, and vice 


41. WE might now, from thefe limits to the rate of conver- 
gency, determine two ‘limits to the fum of all the terms of the 
feries following’ any given term, by the mode of inveftigation 


- employed at Art. ro. and Art. rr. in the: cafe of the circle ; 


| 


but the refult in both cafes would be found to be the fame, with 
the difference of the fign <,for >, and > for <; that is, we 
would find the fum of all the terms following any term of the 
feries, to be greater than one-third of that term, but lefs than 


athird proportional to the difference between the two terms 


betete it and the latter of the two. 


42. Upon the whole, then, our firft formula, oa a nas 
ture of an 1 hyperbolic tector, may be expreiied. as follows. + 


ab s+ ord s 


Ler 5 denote area of the ¢ fedtor, ang por ab s—ord 
Then, 
+ Tia) + +R} 


where T(m and T(w4-1) denote any two facceeding ‘the 
feries, and R _ the fam following” terms And 


* THe fame fetiés may alfo be put under another fétm; not ‘be 
improper to notice briefly, on account of the facility with which the terms may 
be 


| 
| 
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here 


T m+-1) 
As thefe limite to R differ but little when the terms Tm), 
Tim41) are confiderably advanced in the feries, the latter ~ 
be expreffed por for — thus 


Tim)! T(m+1) “ 
3(Tm— 


43- Let us-next inveftigate a feries for the quadrature of the 
hyperbola, which may be analogous to our fecond feries for the 
of the For this purpofe, as at 


tanS~ 
and taking the sie of each fide of the equation, get. 


 Inftead 


be deduced one from another by the help of the common on trigonometeica tables, 
It is this, 


ahs I 

"The arches a’, a", ai", ai’, &é. are to be deduced one from another as follows. 
Take a fuch that =o fin 2!” = = 
tan a’, fin tan - &c. The fymbols T(m +1) and R, denote 


the fame things as in the other form of the feries. 


} 
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Inftead of S, we now fabftitute in this 5, 5, 
2 4 


&c. fucceffively, and multiply the refults by the terms of the 


feries I, &e. fo as to form the following of 


equations , the number of which is “ag 


tan’s 2° tan 2 + 2 

| I aI: 

2 tan 3s 2.4 


&c 
e 


From thefe, by proceeding in all as in in the bas 


above quoted, that is, by adding, and rejeding se 1s common 
to each fide of the fum, we get 


~ 


I I 


a 
| : 
Qn | 
| 
| 
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as we have found $¢.) that 2" tan exprefles 


twice the area’ of the AFFF "F” (Plate IX.), the 
numerical value of which we have there denoted by Q, it 


follows: that tan*! — Qs, Moreover, the geometrical fe- 


| 


by fubiticotion and tranfpofition, we get 


tan’ 2 (1 


44 ‘Ler us now conceive n to be indefinitely great, chen; 


and the feries terms were in number, now 


goes on ad infinitum, we have at laft, after multiplying the 


tans 3 


is one Sorin: the feries, to. be 


Ji 


‘45: THE 
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45. Tue fame feries, however, may be given under another 
form, better adapted to calculation. For nae; by ne nature 
of the hyperbola 


S+ ord’ S—ab25S, ab S 


therefore, taking the fum and difference of the correfponding 
fides of thefe equations, we get 


2ab’S saab a $41, 2 ord’ S S=ab25—r; 
wall hence, by dividing the latter of by 


former, and putting | tan inftead of on ab we find: 


From this formula, by fubftituting 5,4 ge. inftead of 

S, we obtain expreflions for tan’ s, tan’>s, tan?+s, &c. Thefe 

being fubftituted in the feries, and. put. inftead of 
25, 45 inftead of s, +5 inftead of 45, &c. (fo as to produce a 
refalt involving only the correlponding to the :fector s, 

and its fub-multiples) ; and, the by 


a ab s+ I 2 


and this expreffion i is enalogous ty to our fecond feries for an arch 
of a circle, as at Art. 

46. may now inveftigate what: are. the'limits to the rate 
, of convergency of this feries, as alfo the limits to the fum of all 
| | its terms following any afligned term. With refpect to the firft 
of 


| 
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thefe’ inquiries, it appears, that the-terms of the feries, 
firit form, (Arti 43),-are-exa@ly the fquares of the cor- 


refponding® terms of ‘the ‘former feries; under its firft form 

the other will be 


” here P and P’ are put for. the: parts of the two ‘expreffions 


4 which do not follow the law of the. remaining terms, but Ta), | 


T(.), &c. denote the fame quantities in both. Now, as each 
term in the former feries has been proved to be greater than 
one-fourth of the term immediately before it (Art. 39.), each 


‘term of the latter muft be greater than one-fixteenth of the 


term immediately before | it 5 5 Soe this i is one limit to the rate of 
-convergency. 
AGAIN, as it. proved (art. in the 


feries Tots 2) < Squaring, we have 


T (a+ 2) this quantity is a a third 


to Te) is hence i it ‘follows, that the greater limit of 
the rate of convergency in the two feries is-the very fae; 


that is, each term is lefs than a third proportional to the two 


terms immediately before it. — 

As thefe limits to the rate of convergency differ from 
thofe of our fecond feries for an arch of a’circle (Art. 18.), 
only by the leflér limit in the one cafe correfponding to the 
“greater in the other, and the contrary, it is fufficiently evident, 
Vor. VI.—P. II. Rr | . that 


i 
‘ 


SERIES for the 


that by proceeding, as in the cafe of the circle, to determine 
limits to the fam of all the terms following any affignediterm, 
we would obtain an analogous refult, namely, that the fum of 
all the terms following any afligned term is greater than +zth of 
that term, but lefs than a third proportional to the difference 
of the two terms —" before ™" and the latter of-the 
two. 

47. ir now only remains to me confidered, how the nymeri- 
cal values of the terms of the feries are to be found. Now, this. 
may evidently be done by computing the values. of the quanti- 
ties abis, ab+s, abys, &c. from the abfcifla correfponding 
to the whole fedtor, and from. one another, by the known for- 
mula 7 


and theace the values of the quanties ab be. 


Or we may deihies ouch of thefe, from that which precedes 
it, by a formula analogous ‘to that found at Art. 21.‘in the cate 
of the and which be as Let 


abS—t. ab + 


fince by the nature of hyperbola ab = S 


“therefor 


| 

| | 
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which i is the formula required. 29119) 


48. THE refult of the whole abinaien of this fecond fe- 
ries, for the area of an hyperbolic fetor, may now be collected 
into one point of view, as follows. | 
Pouttine s for the area of the fector, let its 
ab{ciffa be denoted by the abbreviated expreffion abs; alfo let 
the abfcifie correfponding to the other fectors which are its 
fub-multiples be denoted fimilarly. 


Compute the feries of quantities ab + 
from ab nt and one another, by the formula 


Then fhall | 
2 


+ Tat +R 


aie R denotes the fum of all the terms following the term 
T(m+1), and this fum is always contained: between the limits 


Rr2 3 being 


T(m+1), and , 
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being greater than the former, but lefs than the latter. This 
laft limit may alfo be otherwife expreffed thus, 


Tim pie 
Fe (16 T(m+41). (m) 4( 
ints) + (Tm) — T (m4 1)) 


Or compute the feries of quantities ¢, 7, 2’, &e. one from 


another by thefe formule 


t= 
Then fhall 


“y—Ni—t 


b I 


the fymbols Tim), T (m+ and R, being put to denote ‘the 
fame as before. 


49. WE might now inveftigate other feries for the sales: 
ture of an hyperbolic fector, fimilar to the third and fourth fe- 
ries we have found for the rectification of an arch of a circle ; 
but this inquiry would extend the Paper to too great a length. 
For this reafon, and alfo becaufe the manner of proceeding in 
the one cafe is exactly the fame as has been followed in the 
other, it feems unneceffary, 1 in the cafe of the hyperbola, to ex- 
tend our inquiries farther. I fhall therefore now proceed to 


the third and laft object propofed in this Paper, namely, the in- 


veftigation of formule for the calculation of logarithms, be- 
ginning with a few remarks that may ferve to counest thefe 

formule with the common theory. | 
50. Ir is ufually thewn by writers on this Sabet that all 
numbers whatever are confidered as equal, or nearly equal, to 
one 


C. 
* 

4 

4 

fi 

3 

; 

‘ 

i 
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one or other of ‘the terms of a geometrical feries whofe firft 
term is unity ‘and comthon ratio, a number very nearly equal 
to unity, but a little greater ; and any quantities proportional 
to the exponents of the térms of the feries, are the logarithms 
of the numbers to which the terms are equal. : 
Locarituas, then, being not abfolute but relative quanti- 
ties, we may affume any number whatever as that whofe loga- 
rithm is unity ; but a particular number being once chofen, the 
_ logarithms of all other numbers are thereby fixed. 
HEncs it follows, that there may be different fyftems, ac- 
cording as unity is made the logarithm of one or another num- 
ber; the logarithms of two given numbers, however, will al- 
ways have the fame ratio to each other in every fyftem what- 
ever; thefe properties which are commonly known, are men- 
tioned here only for the fake of what i is to follow, as we have 
already 
45 Taxinc hiss view of the theory of logarithms as the 
foundation of our. inveftigations, 
‘Let us put r for the common ratio of the geometrical feries, 
| x for any number or term of the feries, 
* 6 for the number whofe logarithm is unity, 
y for the exponent of that’ = of r Pcsecet is 
equaltow, | 
m for the exponent of the ‘power of r which i is 
equal to 4, | 
‘Then we have x =7’, and b=r, and becaufe by the nature of 


logarithms log x : log 5: log x= x log 


but b= I, log x 


52. LET 


320° SERIES for the 


52, Let uv denote any number greater than unity, and p and 
n any two whole pottive numbers a known. formula 


+0 
therefore, fide of. the firkt of thet eg equation by 
the fide of the fecond, we get 


ete 


Now,-¢ being by hypothefis greater than unity, ie fradtion 
on the right hand ide of this — i$ 


I (to terms) 
“becaufe it has manifeftly a lefs 1 numerator, “ai at the rae time 


a greater denominator. The fame fradtion i As, however, greater 


+o (tom terms) — 


becaufe it a greater a lef 


and hence, dividing | the firft of thefe exprefon ‘and mul- 
tiplying the fecond by v", 


53- Purrine 


| 

| 
€ 

| 

| 

3 

i 

| 

| 

| 

| 

| 

| ye — ye 

| 
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53- PUTTING v and p to denote, as in ana — it is mani- 
feft that the feries 


pot 


is greater than this other feries | 

but lefs than this feries 
(top terms) = pu; 


but by a formula, ‘the of the firft theft three te 
ries is 


———, therefore, 
and hence it follows, that | | : 
I 
= 
> 


54. Let us now recur to the fymbols 7, e y and m, whofe 
values are affigned in Art.’51. and-let-us afflume y = and 
r= v"; then, from the two expreflions («) in-Arts 52, we have 


n 
\ 
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yo Tr r 
| 


and hence, multiplying by n, and dividing oe, 


But 77 =x, andr" = 5, (Are. from which it follows, that 
andr=b"; moreover, ~ = log x; fabttien- 


ting, we get 


n(x" ae —3) 
logx > —. , Tog <3" 


and in thefe expreffions n denotes any whole ¢ poftiven number 


55: By fubtrading the effer of thefe limits to the logarithm 
of x from the greater, we find their difference to be 


I 


Now 


| | 

| | 

j 

| 

| 

| 

| 

} 

| 

| 
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Now we have found, that one factor of this expretlion, viz. 


n —t1) 
7— cannot: exceed the logarithm of x; with re- 


| 


: fpect to the other factor 5” P28 , fince it appears from the 


firft of the four formule @), (Art 53+), that 


and x” <1 + multiplying 5" < 


mn 


Now as we may conceive m and 2 to be as great as we pleafe, 
it is evident that this quantity, which exceeds the factor 
I I 


a I, may be fmaller than any aflignable quantity > there- 


- fore the product of the two factors, or the difference between | 
the limits to the value of log x, may, by taking m and a fuffi- 
ciently great, be lefs than any affignable quantity. _ 

Upon the whole, then, it appears, that the logarithm of % is. 
a limit to which the two quantities 


Vou VI.—P. I. Ss continually 


| 
| 
| 
I I 
| 
n (x 1) 1 (x 1) 
T . 
>. 
x m(b — x). 
| 
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continually approach when m and » are conceived to increafe 
indefinitely, and to which each at laft comes nearer than by 
any affignable difference, juft as a circle is the limit to all the 
polygons which can be infcribed in it, or defcribed about it. 
56. THE two expreflions 2 (x" —I), m ee 1), which en- 


ter into thefe limits to the logarithm of x, and which are evi- 


dently functions of the fame kind, have each a finite magni- 


tude even when m or » is confidered as greater than any aflign- 


able number ; for fince when v is greater than unity, and p any 


whole pofitive number, we have 
I 


o(v <v—1, —:. (Art. 53-) 


Therefore, fuppofing x and 4 both greater than 1, (which may 
always be done in the theory of logarithms), the expreffion 


I 
n(x —1) is neceflarily contained between the limits x — 1 


and 1— = 5 and in like manner, m (b"— 1) is between b—t1 


and I 


57. As the expreffion m (” — 1) depends entirely upon the 
value of 4, the number whofe logarithm is affumed = 1, (and 
which is fometimes called the basis of the fyftem), the li- 
mit to which it approaches when m increafes indefinitely will 


be a conftant quantity in a given fyftem ; but the limit to 
which 


| 

| 

| 

| 

| 

| 

| 

| 
| 

| 

T 

| 

| 
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which 2 if oc 1) approaches, when 2 is conceived to be inde- 
finitely increafed, will be variable, as it t depends upon the - 
ticular value the number x. 


LET us therefore denote the limit of m(b° — 1), or that of 


——_—, (for they are —* the meee by B, and then 
| 
in the fyftem whofe bafis is 4, the ieee of x will be the li- 
mit of either of thefe two expreflions 


a(x" —1) n(x" —1) 


- when 2 is conceived to increafe indefinitely, or to {peak brief- 


ly, logx = when 27 is indefinitely great. 


Tue conftant multiplier is what writers on the fubje&t of 


logarithms have denominated the modulus of the fyftem. As in 
Narizr’s fyftem it is unity, we have, » being indefinitely great, 
Nap. log x = 2 (x° 1), and fince in any fyftem whatever 
B=m(b"— 1), or Boon —1), for we may put m or 


Ss 2. indifcriminately ; 


| 

| 

| 
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indifcriminately ; therefore B= Nap. log 4, and confequently | 


log x (to bafis 4) = Rey 


as is commonly known. 


58. SrncE, therefore, the logarithms of any propofed fyftem 
may be deduced from thofe of Napier’s fyftem, I fhall 
throughout the reft of this Paper attend only to the formula 


T 


Nap. log x = 2 (x" —1), 2 being indefinitely great. 


Let us then, agreeably to the mode of proceeding employ- 
ed in the former part of this paper, affume the identical equa- 


tion 


2 


In this expreffion let x*, xB, &c. be fubftituted fuc- 


ceflively for X, and let the refults be multiplied by the corre- 


{ponding terms of the feries, 1, =, ? &c. Thus there will be 


formed a feries of equations, which, putting ” for their num- 
ber, and m for 2”, may ftand as follows: 


x-+-1 


t—TI 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| : 
} 
4, 
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2(* —1z) 
‘ 
ste 
I 
x+y 
x 
ty 
x 
I 
—+- 
(x +1) 16 (x 
x 


ter 


| 
| 

| 

| 

| 

| 
Let the fum of thee equations be now taken, and the 3 
quantities found on both fides of the refult rejected, then, af- 
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ter tranfpofing, we get 


g 
I 1 I 
m I I I T 


TuIs equation, which is identical, holds ‘true whatever be 
the value of x. Let us now, however, fuppofe, that 2 is inde- 
finitely ‘great, then the feries will go on ad infinitum, and 
m = 2" will become indefinitely great; but this being the cafe, 


etn which is always lefs than 2 --—— *, (Art. 53+), will 


become fimply 2; and m (x”" — 1) will become Nap. log x, 


(Art. 57.) ; therefore fubftituting thefe es and dividing by 
2, we have 


Ix+I 
2x-—I 
x? +1 x* xP 3 wie ty 


and 


| 

| 

| 
| = x +I x +I x 
m(x — 1) 
| m 
| | Xx 
| I 
| 
| | 
| | 
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and this is the firft Sian which I propofe to ——en for the 
calculation of logarithms. — 


59. THE feries juft now found agreeing exactly in its form 
with our firft feries for an hyperbolic fector, (Art. 40.), as it 
ought to do, will of courfe have the fame limits to the rate of 
_ its convergency, and to the fum of all its terms, following any 
_ propofed term. As the latter of thefe have been deduced from 

the former, in the cafe of the hyperbola, by a procefs purely 
analytical, and the fame as we have followed in treating of the 
rectification of the circle, it is not neceflary to repeat their in- 
veftigation in this place. The limits to the rate of convergen- 
cy, however, having been made to depend partly upon the na- 
ture of the curve, it may be proper, in the prefent inquiry, to 
deduce them entirely from the analytical formula which has 
been made the bafis of the inveftigation. 
Ler any three fucceffive terms of the feries of quantities 


t 


» &c. be denoted by ¢, and ?¢’; then it is 
evident from the formula, (Art. 58.), that the relation of 


thefe quantities to one another will be exprefled by the - 
tions 


pth 


From the firft of thefe we get 2¢ =t(1-+2"), now each of 
- the quantities ¢, 2’, &c. being evidently lefs than unity, it fol- 
lows, that <2, but > 1, and therefore that 27’ <2¢, 


and ¢’ <¢; alfothat ¢, and t’> Hence it appears, 


in 
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in the firft place, that each term of our feries, taking its co-ef-. 
ficient into account, is greater than one-fourth of the term be- 
fore it. 


AGAIN, becaufe (1 +2”); and, fimilarly, == (1 +i”), 
and it having been proved that?’ fo that 


2, 


ee 
< Thus it appears, that each of the quantities i", &e. is 


lefs thana third proportional to the two immediately before it, 
and the fame muft alfo. be true of the terms of the feries. 


60. Upon the eske then, our firft feries for the calculation 
of logarithms may be expreffed as follows. : 


2 4 


+ + T(m+1) + 


and here, as in the former feries, T(m) and T(m+:) denote any 


‘two fucceeding terms, and R is a quantity greater than =T(n +1); 


but lefs than a third proportional to — T(m+41) and 1) 3 3 
or it is lefs 


| 
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61. THaT we may inveftigate a fecond feries, we muft take 
the fquare of the formula, (Art. 58. ds which will be _ 


(x 1) xX 
From this proceeding as in Art. we form 
the of equations, 


— 1)’ — ( ) 


= 


Here denotes the number of tok ford. 
Let the fum of the correfponding fides of thefe equations be ta- 


| bee and the quantities common to each rejected, as ufual, and 
- Vou. VI.—P. Il. T t the 


| 
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the refult, after tranfpofition, will be 


(x™ +1) | | 4G 


1 
This arn holds true when fis any whole pofitive number 


whatever. But if we fuppofe it indefinitely great, then the two 
feries will go on ad infinitum, and the limit of the numerical fe- 


ries ‘will be * alfo the limit of (x"+1) will be 4, and the li- 


mit of ‘at (x — will be log* (Art. 57-); therefore, fub- 


flituting thefe Timi, and. alfo putting I for 


==) —- a and dividing the whole expreflion by 4, we 
get | 


Tog? 


| 
m' (x 
I 
I | | 
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(x yt 12 


| &c. 
and thus we have obtained a fecond feries for the logarithm of 
a number, which, by putting ¢, Tax &e. inftead of the fractions 


, &e. that the relation which 


the quantities ¢, ¢’, &c. ae. to one another is identical with 
that of the quantities tans, tants, &c. (Art. 35.), it will ap- 

ar to be the fame as our fecond feries for the area of an hy- 
perbolic fector, (Art. 43.). Of courfe it will have the fame li- 
mits to the rate of its convergency, and to the fum of all its 
terms following any given term. Now thefe have been found - 
without any reference to the geometrical properties of the 
curve, therefore it is not neceffary to repeat their inveftiga- 
tion, 


62.. WE ant now ‘transform our feries upon principles pure- 
ly analytical, fo as to fuit it to calculation. And, in the firft 
place, becaufe ( = — i 


Tt 2 we 


2 : 4 2 2 
x + I x +I 


put - Dex X, it follows, ‘that 


In like manner, puting x? +— j= X’, and 


= X”, we — 


and X’ = 4 like manner, it will 


‘ 


3. From the preceding it appears, the 
whole, that our fecond feries for the calculation ofa easthm ! 
may. be exprefled as follows. _ | 

_Purrine x for any number, let a. ‘frie of quantities x, x, 
x’, &e. be found fuch that 


Then will 


x4—I 

—I 
and 
| 
log* ~ 


Tre) ‘Teel + 
and here are put for any two terms of 
the feries, and. R for the. fam_o of all the following terms : And 


in every cafe R i i. than 


I5 (m+1) (Tia) — Te + 


64. FRoM the analogy of the two which we 
have deduced the feries for' the ‘re@tification of an arch of a 
circle, and for the calculation of logarithms, it is eafy to infer 
‘that. there will be’ correfponding feries for the refolution of 
each of thefe problems. “And ‘as ‘the two preceding’ feries for 
a logarithm have been inveftigated in the very fame way as the 
- firft two feries for an arch of a circle, fo, by proceeding exact- 
ly as in the inveftigation of the third and fourth feries for the 
circle, we may obtain a third and fourth feries for a logarithm. 
The mode of deduttion, then, being the fame in both cafes, 
and alfo fufficiently T thatl fimply ‘ftate the refult of 
the inveftigation of a feries for logarithms which is analogous 
to our fourth feriés for an arch of a circle, (Art. 28.). 

Let x be any number, and X, X’, X’, X”, &c. a feries of 
quantities formed from x, and one another, as fpecified in the © 


begiqning of the article. Then 


log*x ~ 
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| X12 


The terms of this feries approach continually. to thofe of a 


feries, of which the common ratio is and 
hence it follows, that the fam of all the terms after any affign- 
ed term, approaches the nearer to ‘ of that term, according 


as it is more advanced in the feries. 


the: foregoing, our yet anbther 
kind of expreffion for the logarithm of a number, namely, a 


_ produé confifting of an infinite number of fa@ors, which ap- 


proach continually to unity. Such an expreflion may. be invef- 
tigated as follows. From the. ideation) equation 


X—1=(X?—1) (X? +1). 
Let there be formed the feries of saa 


= (x 


here 


| 
+ 
2 I 
= 


QUADRATURE of the CONIC SECTIONS, &e. 337. 


here m is put for any integer power of 2, Let the product of 
the correfponding fides of thefe equations be now taken, and 
the common factors rejected, and the refult will be 


and hence 


This, equation holds true, m et any power of 2 whatever. 
Lat us, alailid ROSEN it indefinitely great. Then the 


| of will infinite, and. m will 
become Nap. log. x 57+)» ‘Therefore, 


Nap. log = — —1)-— 


THE produd of. any y finite number of thefe faors being al- 


ways a function of this m will of = great- 


I Se 
er than log z, (Art, §4-). However, the function —m (x —1) 


ch a 


I 
or m (: -— — }, being in like manner expanded into an infi- 


nite 


| 


length of one-fourth the circumference ofa circle whofe radius 
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nite produét, we get from it 


ad infinitum. 


and the product of any Gites number of fattors of this expret | 
fion will always be lefs than-loga. 

Tues formule, which are ‘analogous to that given by Ev- 
LER for an arch of a circle, (fee Art. 33.), are not inelegant, 
confidered as analytical transformations. It does not feem, 
however, that without fome analytical artifice, they can be ap- 
plied with advantage to the actual ‘calculation of logarithms, 
by reafon of the great labour which would be —t to ob- 


tain a refult tolerably accurate: 
66. I sHALL now sacle this Paper, with fome examples 
of the application of the formule to the computation of the 


is unity, (which is the extreme and the moft unfavourable 
cafe), and to the computation of a logarithm; as alfo of ‘the 
modulus of the common fyftem of Jogarithms, which. is the; re- 
ciprocal of NAPIER’S of Io. 


EXAMPLE 


| 
| 
j 
i 
& 
4 
j 
: 
4 
{ 
t 


vd The length,of an’ dgchi ofi90°,. Iz 
places of decimals, by means of the (Astra). 


tan {a= 0.4142135623731. = 0.0061 36000157. 
tan 4 a= 0.19891 23673796 tan a= = 0-093069971 
tan) 6.0984914033571 “tam Tyra = 0.00153398194. 
tan,';4= fan 4= = 0.000766 99054. 


4 = .103 $53 390 593 3 
~ tan 4 4 = .024 864 045 922 5 
& = .000 383 572 2205 
tan 4 = .000 095 898 612 3 
POL abs 4 = .000 023 968 7506 
| FAD 4 = -000 005 992 137 3 
tt tan = 000 374 5071 
= 000000 1248357 


“Arch of of 4 = 1.570 796 326 795. 


‘Vou. VI P. II, Un EXAmPne 


» 
4 - - 
‘4 
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‘The of an arch of 90° | 


the fecond feries, #3. 
cofa=o 

cot a= 0.797 1067811 865 

@ = 6.9238795325113 


ete 4 = 0.995 18472667, 


cof z's 4 = 0.998795456aT.. 


* 4 


Amount of politive I 1+ cola a 
“4 
= .010 723 304 703 4 | 


a 


4! = 666 666 ¢ 6667 7 


1—cofta 


= .000 037 892 
$4 37°92. 799 : 


= .000 618 220 779 6 


= .000 002 356 882 2 

2000 000 147 1276 

cof -000 000 009 1927 

< .000 000 260 612 8 

= .000 000 000 612 7 


S> 900 000 612 6 
"Amount of negative terms, 932 097 2 


Difference between the péfitive 
gnd negative terms, 4734 569 


Arch of 57° 799 326 795. 


EXAMrie 


| 

| 
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frorh the fourth feries, (Ait 


coftan 0.707 106 781 | 786 52° cor 905 184 7. 


2 


= .16 3.053 902 o108 


| 


ESIC Amount terms, 269 179 788 6 
| tf —coft a 


.-... 
~ 900000798 794 2 


ee Z— = .000 000 000 047 8 
3-10" 3 


Each of the remaining terms, being near-) | 
‘ly of the term before it;their 2002 COD 000 000 
be of the laft term, or J | | 


of negative terms, 000 013 463 7137 


Difference between the 
‘and terms, or: 


— 
104 255 716 °74 9 


— 


119 og OF == 14570796 326 795. 


- 
ad 
2 
: 


‘ 


4 


The reciprocal of: Narrer’s} logarithm: 
10, (which is the modulus of the common fy Mem jrenlialsted by 
the fecond feries for logarithms. (See Art. 6 

== 10, and hence X = 5. 05, 373 154 20. 

= 1.739 352.713.0927, X"-= 160025899346... 

X’ = 1.170 310 367 6146 1.000 647 294... . 

1.041 707 820748. = 1.000 161 B05 ... 


‘ 


= 790 123 5 


= .083 333 333 333 3 
‘Sum of pote terms;° 1206790 123 4508 


= 1016 867. 116 475 8 


: 1001 226 137 760 6 


1090-079 796 518 0 
I 
+r 
7 


038. 882 6 


Be 


R > .0000000000822,9 
<.000000000082 35% 
Sum of negative terms, .018 178 426 445 3 


Diference of the pe +188 611 6 97 


R= ,000 000 000 082 5 


= 1434 294 481 903.- 


EXAMPLE 


— _ ——- --+-~ -—- -- 
- 
of 
| a 
‘ 
~ 

. 
4 
? 
~ 
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oExampue Vi ro calenlated by the 


4 


rer +12 = .000 024 041 1229 
.000 000 409 239 4 ‘ 


,000 000 006 535 7 


“= .200 000 000 102 


tg of laft term = fami ofthe 
maining terms nearly, | 
From fam ‘of pofitive terms, = .036 963 261 138 5 


120 7.53 000. rac = 388 888 888 9 


000 000 OOT 6 


~ “Phere temains = +035 574 372 249 6 

= = +434 294.481 903 


EXAMPLE 


Al 
> 


121°'093 421 4 
3.10 art 3 
| 
OBI. 
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To thew:ithat»the feries: jnveftigated-in this 
Paper are applicable in every café, whether: the! number whofe: 
logarithm is.required be large or fmall, lJet.it-be required to | 

calculate. the common. logari thm of the large. prime number 


1243 to. feyen decimal places, by the fecond feries, (Art, 63. ). 


X” = "1.42356148 


X = 621. 50040225 S 1,10080913 


+000 805 801 


cep. = 933 333. 
Sum of 08 4 139 134 


813. 
55 794 3 


= +000 003 oor 
= .000¢ 000 18 
6 _R&.000 000013 
9900001 2,7 
_ Sum of negative terms, § -©O4 442 331 = 
ve | Nap. x 
= .140 345 300 
| Nap. 


4294482 _ 
Common log of 1243 = = 30944711 
| No. Ix. 


| 
> 
| 
-_ 
| | 
~ 
- 
‘ 


‘ 
+ 
. 
‘ 
4 
4 
* \ \ 
4 


; 
" 
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Lrans. B.S Edin. p. 
e 
, 
bd 
‘ 
. 
~ 
* 
- 
\ 
‘ 
; 
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REMARKS ona from Greentanp, ssipposed 


MONG a of tminerals which I laft 
there are fpecimens of two.very rare foflils ; one of them, 
the Cryolite, the other:I. believe a yariety of the Gadolinite. 
The former,; is. accurately, defcribed in the different mineralo- 
gical works, and I have little to add to the information con- 
‘tained 3 in them. Bat,the Gadolinite appears to be very imper- 
fectly known, and has never yet ‘been as a | 
7 THE, in ‘were on a Danith 
prize on her pales from to Copenhagen, and 


was farprifed to find fo lietle with the fof-_ 
fils which are, ufually brought, from that ifland, and confe- 
: quently endeavoured to trace from the fhip’s papers, any parti- 
culars that might lead to: the knowledge of. their geographic 
origin. All I could learn was, that they » were fen from Dara’ 
Straits by a, Miffionary.. . 
fix on. the, coat of Greenland as am BRC from whence they 


i 


346. On a MINERAL supposed to be 


‘had been ici the only Cryolite known in _— having 


been fent by a Miffionary from Greenland to Copenhagen. 


is” a “mineral 


to be found in very few cabinets; and. when this collection — 
fell into my hands, was one of thofe I knew only by de- 
{cription. was: led to fufpedt: that fome ’of' the minerals 


in this)\parcel belonged. to: that: fpecies, by obferving, 


bedded in a piece of granite, fome,{mall fhapelefs mafles, 
whofe external characters appeared to correfpond entirely with 
thofe afligned to the gadolinite ; but on reference to the mi- 
neralogical works which treat of this:ftone; I found more diffi- 


culty than could have been fuppofed in afcertaining whether 


they did fo or not. The inveftigation, however, furnifhed a 
ftrong proof of the fuperiority of chemical “teft over extefnal 
chara@er; for although the thape; luftre, fracture, aind gedgno- 


ftie relations, left mefeatcely any rooni ‘to doubt, yee oti apply- 


ing the blow-pipe and acids, it:was qhite evident, that the ftone 
‘I firft tried: could not be gadolinitei: I examined with 


the reft:of the parcel; and picked’ out feveral; which; thou 
tly’a at- 


different; refembled in-various refpedts the one that ofigii 


trated attention; and with a view to fatisfy myfelf, fent 
friend in London;' from whoni' learnt; that 
one. of. thofe ‘which 1° fuppofed' to gadolinite certaiti- 
ly that mineral. - Notwithftandiag’ the wery refpectable‘autho- 
rity:T had obtained; to Which Twas inclined to'pay ‘the utrioft 
deference; it! was not till after ‘mintite ‘répeated: 
tions that F ‘tayfelf difpofed to fubinit ‘to ‘the phiyfical 
charadters: df’ the! fpécimen in 'queftion differed fo very 
fromm 'thofe was*taught to 

Ir is more than twenty years fince: the gadolinice was’ 
‘obferved by: M: ARRHEN TUS, in'an old quarry ‘at Roflagie, n near 
YVeterbyin Sweden)? It was \deferibed by Mr Grek, and by 
him confidered as a black zeolite. 


| 

| 

| 

| 

| 

| 

| 

| 

| 

i 

| 

| 

| 
| 
| 

+ 
| 
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Is 14994, M. Gapouin analyfed it, and found that it con- 
tained 38 per cent. of an unknown earth, ‘whofe. properties 
‘approached to: alumine fome refpects, and to calcare- 
‘ous-earth in others; but that it effentially differed ane both, 
as well as from every other known earth: 

In 1797, M. repeated the analyfis of M. Gate. 
- xin, and obtained 474 per cent. of the new earth. This in- 
 creafe of quantity he attributed to the greater purity of the 

_fpecimens he fubmitted to experiment, and in confequence:of 
having confirmed the difcovery of. Gapoitn,-he called the 
Sees after him, and gave the name of Yttria to the earth. : 

ANALYSES by VaAUQUELIN and) KraProtnH have fince ap- 
peared. The quantity of. yttria obferved by the formet 
amounted to 3 5 cent, 5 ‘but: the ‘593 
cant.) 
THE fall of this hich, tox its rarity, 


it is natural to conclude were at the difpofal of thefe celebrated _ 


chemifts, may in fome meafure account forthe diverfity of — 
their refults ; but it is likewife’by no'means :impoflible, that the 
mineral itfelf may have in of 4 its chemi- 
cal ingredients. 

Tue difference we find in the mineralogical defcrip- 
tions of this foffil, hitherto only found in one fpot, is much - 
more difficult to account for. If the information I have other- 
wife obtained be correct, of which I have not the flighteft . 
doubt, we cannot help attributing ia certain degree of careleii- 
nefs to fome of the authors, particularly the French writers, 
who have fuch opportunities at command *, of inveftigating 
“every point to hiftory.. The great veneration _ 


* notes the Gadolinite as ‘one | in the colle@tion at the 
Fardin de Plantes. 


| 
6 ‘ 
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they: entertain. for che talents, and accuracy of ‘the; celebrated | 
may induce: them. to think his abfervations requife, no 
concurring teftimony.; and, .on, the other. hand, the. of 
the Gernjan School, confider, no: mineral deferying a placejin 
their fyftem, till it been: examined: and -clafled by their-illy- 
ftrious mafter, whofe authority, will be 
with equal refpect to. poftetitys 
[vis sinneceflary to: ocoupy, the time: shi: Becicty, 3 in gir 
‘ying a comparative view:of the different: deforiptions. of - 
Gadolinite....I thallonly fotice a féw prominent features... 
It is: defctibed. by every. one:of authors, :as: i» 
fpecific gravity of upwards ofi4, and as acting powerfully;apon 
the magnet. This Jaft chara@er is noticed: by Profeffor. famx- 
son, in the firft.account he gives of the gadolinite butsinothe 
fecond it is omitted, along with fome others. 4&K LaPRoru takes 
at 4.237+ dew 
THe Fr writers blaek: and teddith 
black. The German as raveh or: greenifh black. ‘Thefe-varia- 
tions, with feveral others whichimiay:be obferved: om réferring 
to the different authors, thew that fome Ancorreétnels mutt ex- 
ift.. But the: moft remarkable of ‘all is, that theogadolinite, if 
ever magnetic, is not ‘alwaysi fo } for thedpecimens inthe poflef- 
-fion of the Count Bournon ‘are not; nor, ashe informs me; 
-areany that he has:ever feen.. 1o is>therefore reafonable to 
following js ithe: foil; I fup- 
pofe to be that: ftate;:although 
thing fhort of analyfis can afferdindifputable of the 
of any mineral fo known. 


SPECIFIC 


| 

| 
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GR AVITY, 3. 4802. The-{pecimen weighed 1136.39 
rains. furface Is a little. decompofed, and it has alfo 
_ minute particles o felfpar intermixed. with it it; ; ‘Both 
of which would affect the refult in fome de> 2 but nei- 
ther were of fach_ A as to do foi in any, confiderable 

degree. 
Lystre: fhining, approaching to .. 
Fracture: ‘uneven, verging to flat . 


: pitch black, which I I confider velvet with a 


thade of when of a grey co- 
jour. 


Figure: it occurs cryftallifed.,. ‘The fimpleft and 


perhaps the primitive form, : is a rhomboidal prifm, whofe 
planes meet under angles. of. 120° and 60°. In fome 
_of the fpecimens, the acute angle is replaced by one 
face, in others by two, thereby forming fix and. eight 
 fided prifms. All the fpecimens I poflets are only frag- 
_megts of cryftals, none of. which retain any part of a ter- 
“mination, occur imbedded i in felfpar, probably gra- 
nite. 
(CHEMICAL CuARACTERS : ‘before the blow-pipe froths up, 
and melts, but only partially, leaving a brown {coria ; with 
~ borax it melts into a black Blais. When pounded, and 


heated in diluted nitric acid,,it tinges the liquid of a ftraw 


colour ; ; and, fome time after cooling, gelatinates. 


Tux aiftinguithing charadter of the gadolinite, j is 
its forming a jelly with acid, a charaéter belonging to few 
other minerals. The Mezotype, Lazulite, Apophilite, Adelite, 
and Oxide of Zinc, fo far as I know, alone poffefs the fame qua- 
lity ; ; and it cannot eafily be miftaken for any of them. 

Xx 2 “Tt 
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It has not ‘the fmalleft attraction for the 5 it 


and difperfe when expofed t to the  blow-pipe ; it 


is not in any fhape tran{parent. 
Tut Swedith foffil occurs in roundith i im- 
bedded and diffeminated in a granitic rock, having the: external: 


. farfaces covered with a flight whitith coating, pethaps from. 
the attachment of jus particles. There is no‘ ay 
_ pearance on the furface of the cryftallifed gadolinite. © 


Tue fituation which this mineral fhould hold ‘in the fyfterm 
has been a matter of difficulty among mineralogifts.. Haity has. 
placed it in the clafs of Earthy Foffils, immediately after’ his. 
Anatafe and Dioptafé,—rather an ‘unfortunate fituation; both. 
thefe having been recognifed as ores of knéwn metals, titanium. | 
and copper, fince the publication of his admirable treatife. © 

WERNER, On account of its ‘weight, has. claffed: it among. 


the metals; and’ from i its natural alliances,’ and: chemical: com-. 
‘pofition, has given it a place among the irons *. ‘If’ ‘weight en- 


titled it to be-claffed among the metals, féveral other “thinerals. 


have an equal claim to the fame fituation: Of its ‘natural alli- 
ances we know very little, farther than that the SWedith di- 
‘ftri& where it is found abounds in iron; and aS'to chemi- 


cal compofition, if 174 per cent..of iron be fufficient to’ counter- 
balance 593ths of a new earth, it would be right’ to atrange it 
accordinglty.* The analyfes of fo many chemifts of known ce- 
lebrity, are certainly fufficient to juftify the conftitition of a. 


new fpecies for its reception. WERNER, however, may feel 


himfelf licenfed in this arrangement, as he not“confider it. 
neceflary that -a mineral compound fhall preferve the charac- _ 
ters of its components ; but that any of the components may 


give to the compofition characters fufficiently marked, to de- 


termine its relations, It is upon this diftinction that he founds 
the difference between the predominant, and charadteriftic Prin- 


ciples te 


Tur 
* JAMESON, vol. ii. p. 683. | 
+ BrocuanT, vol. i. p. 44. 


| 
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THE arrangement of BRONGNIART appears much more ju- 
dicious ; he has placed it at the commencement of the Earthy 
Minerals, and affigns as a reafon, that it is unique in its com- 
_ pofition ; and if placed in any other fituation, it would intérrupt 
the feries, either in — to its compofition or external m- 


| racters. 


Or the: Cryolite I “ee very little to obferve, in addition tothe | 
-defcriptions given in the different mineralogical works. The 
{pecific gravity I found to be 2.9613; Haiy ftates it at 2.949. 
Among the various mafles I examined, there was no trace of 
cryftallization, farther than the cleavage, which is threefold, 
and nearly at right angles. The maffes broke in two direc- 
tions, (which may be fuppofed the fides of the prifm), with 

great facility, leaving a very. {mooth furface ; but the tranfverfe 
cleavage was more difficult, and by no means fo fmooth. Se- 
- -veral of the {pecimens being mixed with galena, pyrites, and 
cryftals of {parry iron-ore, it would appear that the cryolite is 
a vein-ftone ; but I was not fo fortunate as to find any of it at- 
tached to a rock fpecimen, fo as to throw light on its geo- 
Felations. 
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X. On the Progress of Heat when Si to Spheri- : 
cal Bodies from their Centres. By Joun Puayratry 
F.R.S. Lonp. Sect. R.S. Evin. and Professor of 
- Natural Philosophy in the University of Edinburgh. - 


[Read March 6. 1809. 


N argument againft the hypothefis of central heat has 
been ftated by an ingenious author as carrying with 
it the evidence of demonftration. 
Tue effential and charaerittic property of the power 
“ producing heat, is its tendency to exift every where in a ftaté 
of equilibrium, and it cannot hence be preferved without lofs 
“ or without diffufion, in an accumulated ftate. In the theory 
“ of Hutton, the exiftence of an intenfe local heat, acting for 
“ a long period of time, is aflumed. But it is impoffible to pro- 
“ cure caloric in an infulated ftate. Waving every objection 
to its production, and fuppofing it to be generated to any ex- 
“-tént, it cannot be continued, but muft be propagated to the 
“ contiguous matter. If a heat, therefore, exifted in the cen-— 
“ tral region of the earth, it muft be diffufed over the whole 
“ mafs; nor can any arrangement effeQually counteraé this 
“ diffufion. It may take place flowly, but it muft always con- 
“ tinue progreflive, and muft be utterly fubverfive of that fy- 
“ ftem of indefinitely renewed operations which ‘is repre- 
Vot. VI. P. II. fented 
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“ fented as the grand excellence of the Huttonian Theory *.” 
“ Again, he obferves, in giving what he fays appears to him a 
demonftration of the fallacy of the firft principles of the Hut- 
tonian Syftem, “ it will not be difputed, that the tendency of 
“ caloric is to diffufe itfelf over matter, till a common tempe- 
“ rature is eftablifhed. Nor will it probably be denied, that a 
“ power conftautly diffufing itfelf from the centre of any mafs 
“ of matter, cannot remain for an indefinite time locally accu- 
“ mulated in that mafs, but muft at engeh. become equal or 
nearly fo over the 


2. I muft the refpect I entertain for 
the acutenefs and accuracy of the author of this reafoning, that 
it does not appear to me to poffefs the force which he afcribes to 
it; nor to be confiftent with many faéts that fall every day un- 
der our obfervation. A fire foon heats a room to a certain de- 
- gree, and though kept up ever fo long, if its. intenfity, and all 
other circumftances remain the fame, the heat continues very 
unequally diftributed through the room ; but the temperature 
of every part continues invariable. If a bar of iron has one 
end of it thruft into the fire, the other end will not, in any 
length of time become red-hot ; but the whole bar will quick- 
ty come into fuch a ftate, that every point will have a fixed 
temperature, lower as it is farther from the fire, but remain- 
ing invariable while the condition of the fire, and’ of the 

medium that furrounds the bar, continues the fame. The 
~ yeafon indeed is plain: the equilibrium of heat i is not fo much. 
a primary law in the diftribution of that fluid, as the limitation. 
of another law which is-general and ultimate, confifting in the: 

tendency of heat to pafs with a greater or a lefs velocity, 
according to circumftances, from bodies where the temperature 
Is 


* Murray’s Syftem of Chemistry, vol. iii. Appesdix. 49: 
+ Page 51. 
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is higher, to thofe where it is lower, or from thofe which con- 


tain more heat, according to the indication of the thermome- 


ter, to thofe which:contain lefs. It is of this general tendency, 
that the equilibrium or uniform diftribution of heat is a confe- 
quence,—but a confequence only contingent, requiring the pre- 
fence of another condition, which may be wanting, and actually 
is wanting, in many inftances. This condition is no other, than 
that the quantity of heat in the fyftem fhould be given, and 
fhould not admit of continual increafe from one quarter, nor 
diminution from another. When fuch increafe and diminution 
take. place, what is ufually called “ the equilibrium of heat’’ 
no longer exifts. Thus, if we expofe a thermometer to the 
fun’s rays, it immediately rifes, and continues to ftand -above 
the temperature of the farrounding air. The way in which 
this happens is perfedtly underftood: the mercury in the 
thermometer ‘receives more heat from the folar rays than 
the air does; it begins therefore to rife as foon as thofe 
rays fall on it; at the fame time, it gives out a portion of 
its heat to the air, and always'the more, the higher it rifes. — 
It continues to rife, therefore, till the heat which it gives out 
every inftant to the air, be equal to that which it receives eve- 
ry inftant from the folar rays. When this happens, , its tempe- 
rature becomes ftationary ; ; the momentary imcrement and de- 
crement of the heat are the fame, and the total, of courfe, con- ” 
tinues conftant. The thermometer, therefore, in fuch circum- 
ftances, never acquires the temperature of the furrounding air ; 
and’ the ‘only equilibrium of the heat, is that which fub- 
fifts between the increments and the decrements juft mention- 
ed: thefe indeed are, ftriétly fpeaking, i in equilibrio, as they ac- 
curately balance one another. This {pecies of equilibrium, 


however, is quite different from what i is implied in the uni- 
form diffiafion heat. | 
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3: ls order to. ftate the argument. more: generally, ‘lee: 
A, B, C, D, &c. be a feries of contiguous bodies ; or let them be 
parts of the fame body; and let us fuppofe that A receives, 


_ from fome caufe, into the nature of which-we are not-here to 


inquire, a conftant and uniform fupply of heat. It is plain, 
that heat will flow continually from A to B, from B to CG, &c. ; 
and in order that this may take place, A muft be hotter than B, 
B than C, and fo on; fo that no uniform diftribution of heat 
can ever take place. The ftate, however, to which the fyftem 
will tend, and at which, after a certain time, it muft arrive, is. 
one in which the momentary increafe of the heat of each body 
is juft equal to its momentary decreafe ; fo that the temperature 
of each individual body becomes fixed, all thefe temperatures 
‘together forming a feries decreafing from A downwards.. To. 
be convinced that this is the ftate which the fyftem muft af- 


fume, fuppofe any body D, by fome means or other, to get 


more heat than that which is required to make the portion of 
heat which it receives every moment from C, juft equal to that 
which i it gives out every moment to E ; as its excefs of tempe- 
rature above E is increafed, it will give out more heat to E, 
and as the excefs of the temperature of C above that of D is — 
diminithed, D will receive lefs heat from C; therefore, for — 
both reafons, D muft become colder, and there will be no 
ftop to the reduction of its temperature, till the increments 
_ and decrements become equal as before. 
4. ig, therefore, heat be communicated. to a folid 
like the. earth, from fome fource or referyoir in its interior, it 
mutt go off from the centre on all fides, toward the circumfer- 
ence. On arriving at the circumference, if it were hindered 
from proceeding farther, and if {pace or vacuity prefented.to 
heat an impenetrable barrier, then an accumulation of it 
at the furface, and at laft a uniform diftribution of it through 
the whole mafs, would inevitably be the confequence. But if 
| heat 
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heat may be loft and diffipated in the boundlefs fields of ‘va- 
 cuity, or of ether, which furround the earth, no fuch equili- 
brium can’ be eftablifhed. The temperature of the earth will 
then continue to augment only, till the heat which iffues from 
it every moment into the furrounding medium, become equal 
to the increafe which it receives every moment from the fup- 
pofed central refervoir. When this happens, the temperature at 
the fuperficies can undergo no farther change, and a -fimilar 
effe& muft take place with refpect to every one of the fphe- 
rical and concentric ftrata into which we may conceive the 
folid' mafs of the globe to be divided. Each of thefe muft in 
time come to a temperature, at which it will give out as much — 
heat to the contiguous {tratum on the outfide, as it receives — 
_ from the contiguous ftratum on the infide ; and, when this hap- 
pens, its wit remain invariable 


5. Tx AT we may trace this progrefs with more accuracy, 
let us fuppofe ‘a fpherical body to be heated from a fource of 
heat at its centre ; and let 4, L’, b”, be the temperatures at the. 
furfaces of two contiguous and concentric ftrata, the diftances 
from the centre being x, x’, x” ; and let it alfo be fuppofed, that 
the thicknefs of each of the ftrata, to wit, x’/—wx, and 
very fmall. 

TuEN fuppofing the body to be homogeneous, the quantity 
of heat that flows from the inner ftratum into the outward, in~ 
a given time, will be proportional to the excefs of its tempera- 
~ ture above that of the outward ftratum multiplied i into its quan- 
tity. of. matter, that is, 1 to (x — + 


6. In 


. 
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6. In the fame manner, the heat which goes off from the 
fecond ftratum in the fame time, is proportional to (b’ —") 
(x —x’*) ; and thefe two quantities, when the temperature of 
the fecond ftratum becomes conftant, muft be equal to Oke 


another, or (6— b’) (x = Ge — x'*). 


But becaufe b—b, and are ‘indefinitely finall, 


given quantity ; which fince % is given, we re- 


a x" 


prefent bY a fo that b= a or, becaufe 


32 
negative in refpect of i, a deccrement, while the latter is is an 


increment, b=— —< and therefore b=C + 


7- To determine the conftant quantity C, us fappofe 


that the temperature at the furface of the internal nucleus of 


ignited matter is = H, and r = radius of that nucleus. Then, 
in the particular cafe, when x =r and /=H, the preceding 


a ae 


sve A= +37 3 fo that C=H—— and confe- 


8. Ir is evident, Pits this formula, that for every value of 
x there is a determinate value of 4, or that for every diftance 
from the centre there is a fixed temperature, which, after a 
certain time, muft be acquired, and will remain invariable as 


long 


| 

| 

| | 

| 

| | 


long as the intenfity of the central conti- 
nue 'the fame. 3 
remains for us to determine the of a’, whlch; 
though is. not ye or from obferva- 
| 
~ At the of the we may fippote- mean tem- 
perature to be known: let T be that temperature, and letR = 
the. radius globe. when: and by 


fabftituting i in the general formula, we. T= 
: and _ = 


B)- 
HEncE alfo reduction: 


4 


From this. equation, it is evident, that 
excefs of the temperature at any: diftance from the. 
centre, above a certain given temperature, is inverfely as 2.. 
But: the conftruétion of the hyperbola which is the locus of the- 


‘ 
> 


360 On th PROGRESS of HEAT | 


preceding equation, will- exhibit the relation, between the tem- 
perature and the diftance, in the wey of all others ents fubjett 
to mifapprehenfion. 
Let the circle (Plate X. fig. .3.) defcribed wale the. tadins | 
_ AB, reprefent the globe of the earth ; and the circle defcribed 
with the radius AF! an ignited hit at the centre. Let HK, 
perpendicular to AB, be the temperature at H, the furface of 
the ignited mafs ; and let F D be the temperature at any point 
whatever, in the interior of the earth, BM reprefenting that at 
a furface. Then AB being =R in the preceding equation, 

‘AH=r, HK=H, BM=T; AF=x, and. FD= thefe 

two laft being variable quantities ; 


RT—rH 
| “Ror, 


R— 


in N, and F Din 0) ODxOE= 


which i isa soe quantity. 


we > have, aking A E | 


—+, and drawing E a parallel to AB, meeting H K 


‘Tuererore Disina rectangular of which thecentre 
is E, the affymptotes L G and E L, and the rectangle of the co-- 


~ or, which amounts 


equal to BA.AHx 
to the fame,toKN.NE. | 


Ir is evident from this, that if the {phere: were indefinitel y 
extended, the temperature at the pgint B and all other things 
remainin g the — the temperature at its dares would not 


be lefs than A E, or than the quantity 


THE 
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if the radius of the globe,’dr R = 100,°that of the ignited nu- 


cleus or r= 1; the teiniperature of the nucleus, or H = 1000, 


and T the tempemnnayy. at the furface = = 6 °, the formula be- 


comes = 5505 + 949-494 
Values of apr Valuesofb 

+599 

61.055 

VoL. VI.-P. Uses. Zz | rr. OTHER 


ced/ into se for any particular 
values that may be affigned: to the conftant quantities. Thus, 


| 
is fuppofed here to 
: than 7H, it will change-its fign, 
and muft be taken on the other fide of the centre A. : 
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11. Orman things remaining as before, if we now make 


10, then — + 


303 5560 | 
226 .556 
164.556 | 
145-5560 
104.550 |. 
85 .056 
60.000 


12. Is fi, Hie 10000, and T= 60, 


OO DH 


Values of b 


40000°.00 
4477 
2637 .04 
1164.44 
796 .30 
533 +33 


346.16. 


182 .72 
60 .00 


| 10444 | 
| 20 
30 
| 59 
60 
79 
Te) | 
go 
100 
Values of «x 
13. THE 
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130 1. THE general conclufions which refult from all this 


are, that when we fiuppofe an ignited nucleus of a given mag- 


 Mitude, and a given intenfity of heat, there is in the {phere to 


which it communicates heat-a fixed temperature for each par- 


ticular ftratum, or for each fpherical thell, at a given diftance 
from the centre ; and that a great intenfity of heat in the inte- 
rior, is compatible with a wey | moderate — at the 


furface. | 


2. However great the fphere may be, the heat at its furface 
cannot be lefs than a given quantity ; R, r, H and T remain- 
ing the fame. It muft be obferved, that though R is put for 


the radius of the globe ; it fignifies i in fact nothing, but the dif- 
tance at which the température is T, as r does the diftance at 


which the temperature is H. 
_ THEREFORE were the {phere indefinitely ineaal, the tem- 
perature at its ee ee not be lefs than the quantity 


that is, ‘not lef than 50.5 in the fit of the pre- 


KR — 


ceding examples, than — 44-4 in the fecond, or — 1044.4 in 
the third. 


be otherwife, and vary in denfity, in the capacity of the parts 


‘for heat, or in their power to conduét heat, providing it do fo 
as any function of the diftance from the centre, the calculus 
may be inftituted as above. For example, let the denfi- 


ty be fuppofed to vary as silts then we have as before 


(b— b’) — x’) for the increment of 


heat in a ftratum placed at the diftance x from the centre, 
Zz 3 or 
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or bx = toa given quantity, or to a x", and 


therefore = Hence b= 


C+ — Log x, Suppofe that when ; ‘the radius 


of the heated nucleus, then 
and C= | 


a a a r 


In this expieitien a’ will be determined, if the temperature at 
ps other diftance R from the centre is known. Let this. be 
; then by fubftitution we have 


Hence b= H+ 


as x 


I | 
15. THs 


| 

| 
| 2 
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| 
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T-H— — Lo 

| TH | 
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eee Tus is given merely as an example of the method of 

| conducting the calculus when the ‘variation of the denfity is 
taken into account, and not becaufe there is reafon to believe 
that the law which that variation actually follows, is the fame’ 
that has now been affuumed. 

Tae principle on which we have "applies not 
only to folids, fuch as we fuppofe the interior of the earth, but 
it applies alfo to fluids like the atmofphere, provided they are 

-fuppofed to have reached a fteady temperature. ‘The propaga- 
tion of heat through fluids is indeed carried on by a law very 
different from that which takes place with refpeét to folids ; it 
is not by the motion of heat, but by the motion of the parts of 
the fluid itfelf. Yet, when we are feeking only the mean re- 
fult, we may fuppofe the heat tobe fo diffafed, that it does not 
accumulate in any particular ftratum, but is limited by the 
equality of the momentary increments and decrements of tem- 
perature which that ftratum receives. This is conformable to 
experience ; for we know that a conftancy, not of temperature, 

_ but of difference between the temperature of each point in the 
atmofphere and on the furface, actually takes place. Thus, 
near the furface, an elevation of 280 feet produces, i in this 
country, a diminution of one degree. The ftrata of our atmo- 
fphere, however, differ in their capacity of heat, or in the 
quantity of heat contained in a given fpace, at a given tempe- 
rature. Concerning the law which the change of capacity 

‘follows, we have no certain information to guide us ; and we 
have no refource, therefore, but to affume a hypothetical law, 
agreeing with fuch facts as are known, and, after deducing the 
refults of this law, to compare them with the obfervations made 
on the temperature of the air, at different heights above the 
furface of the earth. 


Ler 
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17. Ler us then fuppofe, that the ftrata of the atmofphere ; 
have a capacity for heat, which increafes as the air becomes — 


rarer, fo as to be proportional to mb *, x denoting, as be- 
fore, the diftance from the centre of the earth, 7 the radius 
of the earth, m and 4 determinate, but unknown quan- | 


tities, fuch that mb or expreffes the capacity of air for 


heat, when of its ordinary denfity, at the furface of the earth. 

The formula thus affumed, agrees with the extreme cafes ; 

for, when x= r, the capacity of heat = Me a finite 

“quantity ; when x increafes, = diminifhes, and fo alfo does 

: ran if 5 is greater than unity, and therefore = increafes conti- 


nually. It does not, however, increafe beyond a certain limit, 


| 
for when x is infinite becomes OF 
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18. Hencg, by reafoning as in § 6. the momentary sali: 
ment of the temperature, or fenfible heat, of any ftratum, is as 


3% 


B 

£2: 


19. To determine C, if T be the temperature of the air at 


| ah 
the furface, when r=r, T= C+ and C = 


| abe 


a*b 


fl 


a 
 3mrlogb 


Tuts formula, when x==r gives b= T, and when is in- 


finite, it gives b= T— tn all intermediate 


cafes, 


——, directly, and its capacity for heat, orm} * inverfely, 


LET then Ws fo that and 
; a 
therefore, 
a’ 
— 
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cafes, as is greater ‘the, BF is lets. than i, being.a 


number greater than 1) atid. therefore is potitive, fo 
that 4 is lets than T, as it ought to be. 


20. WE may obtain an value of this 
without exponential quantities, that will app!» to all the cafes 
in which x and r differ but little in refpect of r, that i is, in all 
the cafes to which our obfervations | on the atmofphere can pot: 
ably extend. | | 


Ir, in the term we write Hie x, 2 being the 
height of any ftratum of air above the isttace of the earth, 


21. Burt, from the nature of exponentials, we eae: b 


(Log) ang 


+, &e. 


& 
ta 


, &e. And if we leave 


out the higher powers of z, we. have nearly | 


+ 


| 

| | 
| 

we have b* = 

| 

| | 
| 

| 

| 
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3? &e, 


| How, from the nature of exponentials, 


Log bs therefore when % is very {mall, 


VoL. VI. P. Il. 3 A 


a 


n the PROGRESS of HEAT, 


| 
= Log b and therefore = 
_¢- A 
fall, b= 


22. TMEREFORE when OF the height above the futface i is 
fmall, 5 diminifhes in the fame proportion that the igs in in-— 
creafes, which is eee, to experience. | 
abx 280 _, fo 


mr 


In our climate, when % = 280 feet, 


that the vo and therefore 


the éonftant’ quatitities are ‘the for- 
mula agrees nearly with obfervation. In the rule for barome- 
trical meafurements, it is implied, ‘that the heat of the atmo- 

3 {phere decreafes uniformly ; but the rate for each particular 
cafe is determined by actual obfervation, or by thermometers 
obferved at the top and bottom of the height to ‘be meni. 
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XI. Reperimeats on new Miseral. from 
dand. Tuomas Tuomson, M.D. F.R.S.E. Fellow 
of the I, Peters- 


[Read Nov. 5. 1810.] 


BOUT three years ago, a Danifh veffel * was brought into 
_ £X& Leith as a prize. Among other articles, the contained a 

finall collection of minerals, which were purchafed by Tuomas 
ALLAN, Efq; and Colonel Imrie, both members of this Society. 
The country from which thefe minerals had been brought. was 
not known for certain ; but as the colleétion abounded in Cry- 
olite, it was conjectured, with very confiderable probability, 
that they had been collected in Greenland. 

‘Amonc the remarkable minerals in this collection, there was 
one, which, from its correfpondence with Gadolinite, as defcri- _ 
bed in the different mineralogical works, particularly attraGed 
the attention of Mr ALLan. Confirmed in the idea of its being 
a variety of that mineral, by the opinion of Count Bournon, 
added to fome experiments made by Dr WoLLaston, he was in- 
duced to give the defcription which has fince been pamrined 3 in 
a preceding part of the prefent volume. 

Axnovt a year ago, Mr ALLAN, who has greatly diftinguithed 
himfelf by his ardent ‘zeal for the progrefs of mineralogy in all 

‘Its 


* Der FRUHLING, Jacos RKETELSON, on her passage 
from Iceland to Copenhagen, 
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its branches, favoured me with fome fpecimens of this curious 
mineral, and requefted me to examine its compofition,—a re-. 


_queft which I agreed to with pleafure, becaufe I expected to 


obtain from it a quantity of yttria, an earth which I had been 
long anxious to examine, but had not been able to procure a 
fufficient quantity of the Swedifh Gadolinite for my purpofe. — 
The object of this paper, is to communicate the refult of my 

experiments to the Royal Society, —experiments which cannot 
appear with fuch propriety any where as in their Tranfac- 


tions, as they already contain a — by Mr ALLAN onthe mi- | 
neral in queftion. 


‘I. DEscripTion. 


1 am fortunately enabled to give a fuller and more accurate 
defcription of this mineral than that which formerly appeared, 
Mr Aan having, fince that time, difcovered an additional 
quantity of it, among which, he not only found frefher and . 
better characterifed fragments, but alfo fome entire cryftals. In 
its compofition, it approaches moft nearly to Cerite, but it dif- 
fers from it fo much in its external characters, that it muft be 
confidered as a diftiné fpecies. I have therefore taken the li- 
berty to give it the name of Allanite, in honour of Mr ALLan, 
to whom we are in reality indented for the aONey of its pe- 
culiar nature. 

ALLANITE occurs maffive and diffeminated, in irregular 
mafles, mixed with black mica and felfpar ; 3 alfo ory 
the varieties obferved are, 

1. A four-fided oblique piifm, meafuring 117° and 63° ra 

2. A fix-fided prifm, acuminated with pyramids of four fides, 

fet on the two adjoining oppofite planes. Thefe laft are 
fo minute as to be incapable of meafurement. But, as 
nearly as the eye can determine, the form refembles 
Fig. 1.3 the prifm of which has. two right angles, and 


four meaftiring 135°. 


| 

| 

| 

i 

| | 

| 

| 

4 
| 

| | 


MINERAL from GREENLAND. 373 


3. A flat prifm, with the acute angle of 63° _ replaced by 
one plane, and terminated by an acumination, having 
_. three principal facettes fet on the larger lateral perenwich 
which the centre one meafures 12 if and 55°. Ofthis _ 
{fpecimen, an is given in annexed 
SPECIFIC gravity, according to my experiments, 2;64% The 
{pecimen appears to be nearly, though not abfolutely, pure. 
This fubftance, however, is fo very much mixed with mica, 
that no reliance can be placed on any of the trials which have 
been made. Count Bournon, furprifed at the low fpecific gra- 
vity noted by Mr ALLAN, which was 3. 480,broke down one of 
the {pecimens which had been fent him, in order to procure 
the fubftance in the pureft ftate poffible, and the refult of four 
experiments was as follows, 
3-054 
«3-119 
a fubfequent experiment of Mr he found it 66 
From thefe it appears, that the fubftance is not in a pure ftate. 
Its colour is fo entirely the fame with the mica, with which it 
is accompanied, that it is only by mechanical attrition that 
they can be feparated. | 
CoLour, brownifh-black. 
External luftre, dull ; internal, thining and refinous, flight- 
ly inclining to metallic. 
FractuRE, {mall conchoidal. 
FRAGMENTS, indeterminate, fharp-edged. 
OPAKE. 
SEMI-HARD in a high degree. Does not fcratch quartz nor 
felfpar, but fcratches hornblende and crown-glafs. 
BRITTLE. 
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EASILY frangible. “ok 

Powper, dark greenifh-grey. 

BeroreE the blow-pipe it froths , and melts imperfey in into. 
a brown fcoria. - 


GELATINISES in nitric Tos a. flrong red heat it 
98 per cent, of its weight. 


iL TO ASCERTAIN ITS COMPOSITION. 


My firft experiments were made, on ‘the fuppofition that the 
mineral was a variety of gadolinite, and were pretty much in 
the ftyle of thofe previoufly made on that fubftance by EKE- 
BERG, KLAPRoTH, and VAUQUELIN. 

‘I, 100 grains of the mineral, previoufly ment to a fine 
powder i in an agate mortar, were digefted repeatedly on a fand 
bath in muriatic acid, till the liquid ceafed to have any action 
on it. The undiffolved refidue was filica, mixed with fome frag- 
' ments of mica. When heated to rednefs, ‘it. weighed 33.4 
grains. - 

2. THE muriatic acid f was almoft to dry- 
nefs, to get rid of the excefs of acid, diffolved in a large quan- 

tity of water, mixed with a confiderable excefs of carbonate, of 
~ ammonia, and boiled for a few minutes. By this treatment, — 
the whole contents of the mineral were precipitated in the 
ftate of a yellowifh powder, which was feparated by the filtre, 
and boiled, while ftill moift, in potath-ley. A fmall portion of 
it only was diffolved. The potafh-ley was feparated from the 
undiffolved portion by the filtre, and mixed with a folution of 
-. fal ammoniac, by means of which a white powder precipitated 
from it. This white matter being heated to rednefs, weighed 
7.9 grains. It was digefted in fulphuric ‘acid, but 3. 76 grains 
refufed to difflolve. This portion poffefied the properties of fi- 
lica. The diffolved portion being mixed with a few drops of 


fulphate 
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falphate of potath, fhot into cryftals of alum. Ie was therefore 

alumina, and amounted to’4.14 grains. 
_. 3. THE yellow matter which refufed to diffolve in a ithe pot- 
afh-ley, was mixed with nitric acid. An effervefcence took 
place, but the liquid remained muddy, till it was expofed to 
heat, when a clear reddifh-brown folution was effected. - This — 


_ folutién was evaporated to drynefs, and kept for a few minutes 


in the temperature of about 400’, to peroxidize the iron, and — 
render it infoluble. A fufficient quantity of water was then 
poured on it, and digefted on it for half-an-hour, on the fand- 
bath. The whole was then thrown upon a filtre. The dark 
red matter which remained on the filtre, was drenched in oil, 
and heated to rednefs, ina covered crucible. It was then 
black, and attracted by the ‘Magnet 5 3 but had not exactly the 
_appearaice of oxide of iron. ‘It weighed 42.4 grains. 

4. Tue liquid which paffed through the filtre, had not the 
fweet tafte which I expected, but a flightly bitter one, fimilar 
to a weak folution of nitrate of lime. Hence it was clear, that 


yttria was prefent, as there ought to have been, had 


the mineral contained that earth. This liquid being mixed 
with carbonate of ammonia, a white powder precipitated, | 
which, after being dried in a red heat, weighed 17 grains. It 
diffolved in acids with effervefcence ; the folution was precipi- 
tated: white by oxalate of ammonia, but not by pure ammonia. 
When diffolved in fulphuric acid, and evaporated to drynefs, a 

light white matter remained, taftelefs, and hardly foluble in 
water. Thefe properties indicate carbonate of lime. Now, 17 


grains of eno of lime are equivalent to about | 9. 23 grains 
lime. 


| 
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‘Ss the preceding analyfis, fuppofing it acourate, it fol- 
lowed, that the mineral was dictrseipete of. | 


Oxide of iron, - att 42.40 
T00.00 


But the appearance of che fappofei oxide of i iron, salen me 


to fufpect, that it did not confift wholly | of that metal, I 
- thought it even conceivable, that the yttria which the mineral. 


contained, might have been rendered infoluble by the applica-_ | 
tion of too much heat, and might I have been concealed by the 


_ iron with which it was mixed, A number of experiments, 
which it is needlefs to fpecify, foon convinced me, that, befides 


iron, there was likewife another fubftance prefent, which pof- 
feffed properties different from any that.I had been in the ha- 


bit of examining. It poffefled one property at leaft i in com- 


mon with yttria ; its folution in acids had a‘fweet tafte 3, but few 
of its other properties had’ any refemblance to thofe which the 
chemifts to whom we are: indebted for our knowledge of yttria, 
have particularifed, But as I had never myfelf made any ex- 
periments on yttria, I was rather at a -lofs what _conclufion.to 
draw. From this uncertainty, I was relieved by Mr Atzan, 
who had the goodnefs to give me a fmall frazment of gadoli- 
nite, which had been received direétly from Mr ExKEserc. 


_ From this I extracted about 10 grains of yttria; and upon com- — 


paring it its properties with thofe of the fubftance in queftion, I 
found 
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found them quite different. Convinced by thefe experiments, 
that the mineral contained no yttria, but that one of its confti-. 
tuents was a fubftance with which I was ftill unacquainted, I 
had recourie to the following mode of =e , in | to ob- 
tain. ina ftate. 


OF ALLANITE. 


‘I. 100 iti of the minetal, previoufly reduced to a fine 


powder, were digefted in hot nitric acid till nothing more 


could be diffolved. The undiffolved refidue, which was filica, 
‘mixed with fome fcales of mica, weighed, after being heated to 
rednefs, 35.4 grains. 

2. THE nitric acid folution was tranfparent, and of a light- 
brown colour. When ftrongly concentrated. by evaporation, 
to get rid of the excefs of acid, and fet afide in an open capfule, 
it concreted into a whitith folid matter, confifting chiefly of 
foft cryftals, nearly colourlefs, having only a flight tinge of © 
yellow. Thefe cryftals being left expofed to the air, became 
gradually moift, but did not f{peedily deliquefce. The whole 
was therefore diffolved in water, and the excefs of acid, which 
‘was ftill prefent, carefully neutralifed with ammonia. By this 
treatment, the folution acquired a much deeper brown colour ; 
ftill continued tran{parent. _Suceinate of ammonia was 
then dropped in with caution. A copious reddifh-brown pre- 

| cipitate fell, which being wathed, dried, and heated to rednefs 

in a covered crucible, weighed 25.4 grains. It poffeffed all 
- the charaéters of black oxide of iron. For it was attraéted by 
the magnet, completely foluble in muriatic acid, and the folu- 
tion was not precipitated by oxalate of ammonia. 

3. THE liquid being ftill of a brown colour, I conceived it 
not to be completely free from iron. On this account, an ad- 
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ditional quantity of fuccinate of ammonia was adde. And we 


precipitate fell ; but inftead of the dark reddifh-brown colour, 


which characterizes fuccinate of iron, it had a beautiful flefh- 


red colour, which it retained after being dried in the open air. 


When heated to rednefs in a covered crucible, it became black, 
and had fome refemblance to gunpowder. It weighed 9.2 


2 grains. 


4. Tus fubftance attracted my peculiar attention, in 1 confe- 


quence of its appearance. I found it to poffefs the following 
characters : 


a. Ir-was taftelefs, and not in the leaft attracted by the mag- 
net, except a few atoms, which were ee feparated from the 
reft. 

b. Ir was infoluble i in water, and not fenfibly adted | on when 
boiled in fulphuric, nitric, muriatic, or nitro-muriatic acid. 

c. Brerore the blow-pipe it melted with borax and microcof- 
mic falt, and formed with both’a colourlefs bead. With car- 


 bonate of foda it formed a dark-red opake bead. 


d. WHEN heated to rednefs with potath, and digefted in wa- 
ter, fnuff-coloured flocks remained undiffolved, which eradual- 
ly fubfided to the bottom. The liquid being feparated, and exa- 
mined, was found to contain nothing but potafh. When mu- 
riatic acid was poured upon the fnuff-coloured flocks, a flight 


effervefcence took place, and when heat was applied, the whole 


diffolved. The folution,was tranfparent, and of a yellow co- | 
lour, with a flight tint of green.- When evaporated to drynefs, 
to get rid OF the excefs of acid, a beautiful yellow matter gra- 
dually feparated. Water boiled upon this matter diffolved the 
whole. The tafte of the folution was aftringent, with a flight 


metallic flavour, by no means unpleafant, and no fweetnels was Z 


perceptible. 
eA 
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.e A portion of the black powder being expofed to a red 
heat for an hour, in an open crucible, became reddifh-brown, 
and loft fomewhat of its weight. In this altered ftate, it was 
foluble by means of heat, though with difficulty, both in nitric 


_.and fulphuric acids. The folutions had a reddifh-brown 


lour, a flight metallic aftringent tafte, but no fweetnefs. » 

f. Tue folution of this matter in nitric and muriatic acid, 
when. examined. by re-agents, exhibited the following — 
mena : : 


G ) With. praffiste of ane it threw down a white precipi- 
tate in flocks. It foon fubfided ;. readily diffolved in 
nitric acid ; the folution was green. 

Pruffiate: of mergury. A light precipitate, fo- 
: _ luble in nitric acid. 
Infufion of nut galls. No change. 
Gallic acid. Nochange. 
_. 5.) Oxalate of ammonia. No change. 
_ (6.) Tartrate of potafh. No:change. 
(7.) Phofphate of foda. No'change. | 
(8.) Hydro-fulphuret of atimonia. Copious black flocks. 
Liquor remains tranfparent. | 

(9.) Arfeniate of potath. A white precipitate. 

(10.)'Potahh. - Copious yellow-coloured 

(11.) Carbonate of foda. ; ‘readily in 

(12.) Carbonate of nitric acid. 

-(13.) Succinate of animonia. A white precipitate. 
(14.) Benzoate of potath. A white precipitate. 
(15.) A plate of zinc being put into the folution in muriatic 
acid, became black, and threw down a black powder tee 
which was infoluble in fulphuric, nitric, muriatic, ni- 
tro-muriatic, acetic, and phofphoric acids, in every 
3 B2 | temperature, 


P 
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temperature, whether thefe were 
or diluted. trate 

(16.) A plate of tin put into the nitric foluion, cceafioned ne 

change. 

(17. ) A portion being inclofed i in a crucible; ex- 
pofed for an hour to the heat of a forge, was not re- 
duced to a metallic button, nor could any trace of it 
be detected when the crucible was  aayrommaenll 


THESE properties were all that the fall quantity of the 
_ matter in my poffeffion enabled me to afcertain. They une- 
quivocally point out a metallic oxide. Upon comparing them 
with the properties of all the metallic oxides known, none 
will be found with which this matter gxadly agrees. Cerium 
is the metal, the oxides of which approach the neareft. The 
colour is nearly the fame, and both are precipitated white by 
pruffiate of potath, fuccinate .of ammonia, and benzoate of 
potafh. But, in other refpects, the two fubftances differ entire- 
ly. Oxide of cerium is precipitated white by oxalate of am- 
monia and tartrate of potafh; our oxide is not precipitated at 
all: Oxide of cerium is precipitated white by hydro-fulphuret 
of ammonia; while our oxide is precipitated black : Oxide of ce- 
rium is not precipitated by zinc, while our oxide is thrown 
down black. There are other differences between the two, 
but thofe which I have juft mentioned are the moft ftriking. — 

THESE properties induced me to confider the fubftance 

which I had obtained from the Greenland mineral as the oxide 
a metal hitherto, unknown ; and I propoied to it 
by the name of Junonium. _ 

In the experiments above detailed, I had iceendad slniot all 
the oxide of Junonium which I had in my poffeffion, taking it for 
granted that I could eafily procure more of it from the Green- 

land 
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land mineral. . But, foon after, I was. informed by Dr Wotta- 
STON, to whom I had fent a {pecimen of the mineral, that he — 
had not been able to obtain any.of my fuppofed Junonium in 
his trials. This induced me to repeat the analyfis no lefs than 
three times, and in neither cafe was I able to procure any more ~ 
of the fubftance which I haye defcribed above. . Thus, it has 
been out of my power, to verify the preceding details, and to 
put the exiftence of a new metal in the mineral beyond doubt. 
At the fame time, I may be allowed to fay, that the above ex- _ 


_ periments were made with every poffible attention on ny part, 


and moft of them were repeated, at leaft a dozen times. I 
have no doubt myfelf of their accuracy.; but think that the exift- 
ence.of a new metal can hardly be admitted, without ftronger 
proofs than the folitary analyfis which I have performed. : 

5. Tue liquid, thus freed from iron.and junonium, was fuper- 
faturated with pure ammonia. A greyifh-white gelatinous mat- 
ter precipitated.. It was feparated by the filtre, and became 
gradually darker coloured when drying. This matter, after 
being expoled to a red heat, weighed about 38 grains. When 
boiled in potath-ley » 4-1 grains were diffolved, of a fubftance 
which, feparated 1 in the ufual way, exhibited the ee of 
alumina. 

6. THE remaining 3 3. 9 grains were again diffolved i in mu- 
riatic acid, and precipitated by pure ammonia. The precipi- - 
tate was feparated by the filtre, and allowed to dry fpontane- 
oufly in the open air. It affumed an appearance very much 
refembling gum-arabic, being femi-tranfparent, and of a brown © 
colour. When dried upon the fand-bath, it became very dark- 
brown, broke with a vitreous fracture, and {till retained a fmall 
degree of tranfparency. ‘It was taftelefs, felt gruty between 
the teeth, and was eafily reduced to powder. It effervefced in 
fulphuric, nitric, muriatic, and acetic acids, and a folution of it 
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was effected in each by means of heat, though not without con- 


_ fiderable difficulty. The folutions had an auftere, and flightly 


the following properties : | 


Pruiffiate of potath. witht precipitate. - 
(2.) Oxalate of ammonia. A white precipitate: — 
(3.) Tartrate of potafh. A white precipitate. | 
(4.) Hydrofulphuret of potafh. “A white precipitate. 
(5-) Phofphate of fuda. A white precipitate. 
 (6.) Arfeniate of potafh. A white precipitate. 
(7.) Potafh and its carbonate. A white precipitate. : 
_(8.) Carbonate of ammonia. A. white precipitate. 
(9.) Ammonia. A white gelatinous 
(10.) plate of zinc. | 


Tuesz properties indicated Oxide of Cerium. I was there- 
fore difpofed to confider the fubftance which I had obtained as_ 
»xide of cerium. But on perufing the accounts of that fub- 
ftance, given by the celebrated chemifts to whofe labours we 


are indebted for our knowledge of it, there were feveral cir- 


cumftances of ambiguity which occurred. My powder was 
diffolved in acids with much greater difficulty than appeared 
to be the cafe with oxide of cerium. The colour of my oxide, 
when obtained from oxalate, by expofing it to a red heat, was 
much lighter, and more inclined to sg than the oxide of 
cerium. 
In this uncertainty, Dr WOLLASTON, to whom I communi- 
cated my difficulties, offered to fend me down a {pecimen of 
the mineral called cerite, that I might extrac from it real oxide 


_of cerium, and compare my oxide with it. This offer I thank- 


fully 
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fully accepted *; and upon comparing the properties of my 


oxide with thofe of oxide of cerium extra@ed from cerite, I 
was fully fatisfied that they were identical: The more difficult 
folubility of mine, was owing to the method I had employed to 
procure it, and to the ftrong heat to which I had fubjected it ; 
- whereas the oxide of cerium from ¢ cerite tind been rience in 
‘the ftate of carbonate. 
7. In the many experiments: upon this and 
_ upon oxide of cerium from cerite, I repeated | every thing that 
had been eftablifhed by Berzetrus and Hrsincrr, 
and Vauquetin, and had an opportunity of obferving many 
particulars which they have not noticed. It’ may be worth 
while, therefore, without repeating the details of theie chemifts, 
to mention a few circumftances, which will be found ufetul 
in examining this hitherto fearce oxide. 
a. THE precipitate occafioned by oxalate of ammonia is at 


firft in white flocks, not unlike that of muriate of filver, but it — 


foon affumes a pulverulent form. It diffolves readily in nitric 
acid, without the affiftance of heat. The fame remark applies 
to the. precipitate, thrown ‘down by tartrate of potafh.. But 


tartrate of cerium i is much more gimme in acids than the oxa- | 


late. 
en THE 


Tue of cerite which I analifed, was much 
lite, that the ftlatement of the refults which I obtained cannot be of much im- 


portance. The {pecific gravity of the fpecimen was 4-149. a found i it compo- 


fed as follows : 
A white powder, left by muriatic acid, and prefune to be iin, 47.3 
Red oxide of cerium, - tein 


| 
| 
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Tue folution of cerium in acetic acid is precipitated grey 
by infufion of nut-galls. Cerium is precipitated likewife by 
the fame re-agent from other acids, provided the folution con- 

‘tain no excefs of acid. This fa@ was firft obferved ‘by Dr 

WoLLAsToNn, who communicated it to me laft fummer. I im- 

_ mediately repeated his experiments with fuccefs. 

c. CERIUM is not-precipitated from its folution in acids by. 
a plate of zinc. In fome cafes, indeed, I have obtained a yel- — 
lowifh-red powder, which was thrown down very flowly. But 
it proved, on examination, to confift almoft entirely. of red 
oxide of iron, and of courfe only raat when the folution of 
cerium was contaminated with iron, ~~ 

d. Tue folutions of cerium in acids have an tifte, | 
with a perceptible fweetnefs, which, however, is different from 
the fweetnefs which of Ge folutions iron in 
fefs. 
¢. THE muriate falphate af cerium cryftallife : 
but I could not in — of nitrate cee 
rium. 

f. Tue beft way of pure oxide. of is to 
precipitate the folution by oxalate of ammonia, wath the preci- 
pitate well, and expofe it to a red heat. The powder obtained 
_ by this procefs is always red; but it varies very much in its 
fhade, and its beauty, according to circumftances. (This pow 
der always contains carbonic acid. 

g. I consier the following as the effential characters, of ce- 
rium. The folution has a fweet* aftringent tafte: It is precipi- 
tated white by pruffiate of potath, oxalate of ammonia, tartrate 
of potath, carbonate of potath, carbonate of ammonia, fuccinate 
of ammonia, benzoate of potafh, and hydrofulphuret of ammo- 
nia: The precipitates are re-diflalved by nitric or muriatic 
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acids Ammonia throws it down’: in flocks : Zine 
does not it’at all. - 

white oxide of ‘cerium, ed by 
BeRrzetivs, and defcribed by VAUQUELIN,; did not prefent itfelf 
to'me in’ any of myexperiments ; unlefs tlie white flocks ‘preci- 
pitated by ammonia from the‘ original folution be confidered as 
white oxide.‘ They became ‘brown on drying, and: when heat 
ed to rednefs, certainly: converted into red oxide. 
cerium, 'as’’well: ‘as’ iron, 4s precipitated’ by of 
ammonia, the preceding method of feparating the two from. 
each other was not unexceptionable. Accordingly, in fome — 
-fubfequent analyfes, I feparated the cerium by means of oxalate 
of ammonia, before I precipitated the iron. I found that the 
proportions obtained by the analyfis above defcribed, were ” 
near accuracy that no material alteration is neceflary. 

8. Tue liquid, thus freed from iron, alumina, and cerium, 
was mixed with carbonate of foda. It precipitated a quantity 
| of carbonate of lime, which amounted, as before, to about 17 
grains, indicating 9.2 grains of lime. — , 

From the preceding analyfis, which was sepiinted no lef 
than three times, a different method being employed in each, 
the conftituents of allanite are as follows : 


Lime, ~- - 
Oxide of iron, - - Sk. 
Volatile matter, - - 
112.0 
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I omit the.7 grains of junonium, becaufe, I only. detected it in. 
one fpecimen of allanite. The excefs of weight in the preceding | 
numbers, is to’be afcribed chiefly to the carbonic:acid combi- 
ned with the oxide of cerium, from which it, was not complete-; — 
ly. freed. by a red: heat:; have. reafon to. believe, too, that the 


proportion of iron. is not quite:fo. much as 25.5 grains, | 


For, 


in another analyfis, I obtained. only. 18 grains, and in.a third, 
20 grains. Some of the cerium. was, perhaps precipitated along. 
with it in the snalyfis, and thus its. 
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T HE ‘mineral to T have mame of Sodalite, 
alfo ‘put’ into ‘my ‘hands by Mr Atzan. In the 
colleétion ‘which he purchafed, there were feveral 
pecitniens of rock, obvioufly primitive. In the compofition 
of thefe, the fiibftance of which I am about to treat, formed a 
conftituent, and,” at 'firft appearance, ‘was taken for to 
which’ it bears a'very ftriking’refemblance. © 
‘Tuts ‘rock is compofed of no lefs than ‘five different foflils 
namely, garnet, hornblende, augite, and two others, which form 
the pafte of the mafs. Thefe‘are evidently different minerals ; 
but in fome {pecimens, are fo intimately blended, that it requi- 
red'‘the fkill of Count’ Bou RNON to make the difcrimination, 
and afcertain their réal nature. ~ Even this diftinguifhed mine- 
 ralogift was at firft deceived by the external afpe@, and confi- 
dered the patte as common lamellated felfpar, of a greenith co- 
Jour. But a “peculiarity which prefented itfelf to Mr Arran, 
in one of the minerals, induced him to call the attention of 
Count Bournon more particularly to its conftraction. 
~~ On a clofer examination of the mimeral, M. de Bournox 
found that fome fmall fragments, which he had detached, pre- 
fented 
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fented rectangular prifins, terminated by planes, meafuring, 
with the fides of the prifm, 110° and 7o* or nearly: fo,—a — 
form which belongs to a rare mineral, known by the name-of. 
Sahlite, from Sweden. He further obferved, intermixed along 
~with this, another material ; and after fome trouble, fucceeded — 


in detaching a mafs, peefenting a regular rhomboidal dodecahe- 


dron: It was to this form. that Mr ALLAN had re- 


quefted his attention. 


time before this M. de Bove RNON had 
examined a mineral from Sweden, of a lamellated ftru@ure, 
and a greenifh colour, which, he found, indicated the fame 
form. From this circumftance, together with fome external 
refemblance, which ftruck him, he was induced to conclude, 
that our mineral was a variety of that fubftance. 

To that fubftance the name of Swedifh natrolite had been gi- 
ven, in confequence of the inveftigation of Dr Wortastow, 
who found that it contained a large proportion of foda. 

TueErE are few minerals, however; that are fo totally diftin€ 
in their external characters as the natrolite of Kt aprotu, and 
the fubftance we are now treating of., The mineral examined by | 
KLAPROTH occurs at Roegan*, on the Lake of Conftance, in 
porphyry-flate, coating the fides of veins and cavities in a ma- 
mellated form, the texture of which is compact, fibrous, and ra- 
diated ; the-colour pale yellow, in fome places pafling into. 
white, and, marked with brown zones. Hitherto. it had never 
been found in a ftate fufficiently perfec to afford any indi- 
cations of form. Lately, howéver, M. de Bournon was fo 
fortunate as to procure fome of it, prefenting very delicate 
needleform cryftals, which, by means of a ftrong magnifier, 
he was able to afcertain, prefented flat rectangular prifwns, ter- 
minated by planes, which, he Shought, might si as angles of 

60° 


* Ir has been obferved alfo by Profeffor Jauasow, in the floetz- one recks 


Burntifland. 


| 
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60° and 120 with the fides of the prifm. With this, neither 
our, mineral nor the Swedith can have any conneétion, farther 
than fome analogy which may | exift in their compofition. 
- Concernine the Swedith mineral, I have not been able to 
obtain much fatisfaftory information. There is a fpecimen of 
it in Mr .ALLAN’s cabinet, which he received direétly from 
Sweden, fent by a gentleman who had juft before been in Lon- 
don, and was. well acquainted with the collections of that city, 
from which it.is inferred, that the fpecimen in queftion is the 
fame as that examined by Count Bournon and ‘Dr Wo 
STON. 

WERNER hes. into fyftem a new mineral 
{pecies, which he diftinguifhes by the name of Fetistein. Of 
this I have feen two defcriptions ; one by Haiiy, in his Tableau 
Comparatif, publithed laft year; and another by Count Dunn 
Borkowsk1; publithed in the 69th volume of the Journal de 
Physique, and tranflated in Nicholson’s Journal, (vol. 26. p. 384). 
The fpecimen, called Swedish Natrolite, in Mr AuLan’s pof- 
feflion, agrees with thefe. deferiptions in every particular, ex- 
cepting that its fpecific: gravity is a little higher... Bor- 
KOwsK1 ftates the fpecific gravity of fettsteim at 2.563; Haiiy 
at. 2.6138 ; while I found the fpecific gravity of Mr ALLAN’s 
fpecimen to be 2.779, and, when in fmall fragments, to be as 
high as 2.790. This very near agreement in the properties of 
the Swedifh natrolite, with the characters of the fettftein, leads 
me to fuppofe it the fubftance to which WERNER. has given 
that name. This opinion is ftrengthened, by a fa@ mentioned 
by Haiiv, that fettftein had been at firft confidered as a varie- 
ty of Wernerite. For the fpecimen fent to Mr ALLAN, under 
the name of Compact Wernerite, is obvioufly the very fame with 
the fuppofed natrolite of Sweden. Now, if this identity be ad- 
mitted, it will follow, that our mineral conftitutes a fpecies 
apart. It bears, indeed, a confidetable refemblance to it; but 
neither the cryftalline form, nor the conftituents of fettftein, 

| os 
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as ftated by Havy , are fimilar to thofe of the mineral to which | 
I have given the name of Sodalite.. The conftituents of na 
ftein, as afcertained by VAUQUELIN, 2 are as follows : 


vad 190.00 


Il. DescRIPTION OF SODALITE. 


SODALITE, as heen: occurs in a  pri- 
net Tf. 
It occurs cryftallifed, in rhomboidal 
drons, which, in fome cafes, are lengthened, ievlieeaeta fix-fided 
prifmms, terminated by trihedral pyramids. 

Its colour is intermediate between celandine and. mountain 
green, varying in intenfity in different fpecimens. In fome 
cafes it feems intimately mixed with ercgien of an witch 
doubtlefs modify the colour. 

EXTERNAL luftre glimmering, thining, in one 
tion vitreous, in another refinous. 2} 

Fracture foliated, with at teat double cleavage rol 
fra@ture conchoidal.. 

FRAGMENTS indeterminate; tharp-edged. 

| TRANSLUCENT. 


* Tuis of the augite Hitherto it has been, 
with a few exceptions, found only in fletz trap rocks. 


¢ THE particular colour and appearance of this garnet, fhews that the rock 
came from Greenland : For fimilar garnet has never been obferved, except in 
fpecimens from Greenland. 


| 
| 
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equal to: that of Iron i it wish 


_ Easity frangible... | 
SPECIFIC gravity, at. the of, 
fpecimen was. not abfolutely: free from fahlite. 
.WueEwn heated, to! rednefs, does not decrepitate, nor fall to 
powder, but becomes jdark-grey, and aflumes. very nearly the 
appearance of the, Swedith natrolite. of Mr Auian, which I 
confider as fettftein. If any particles of fahlite be mixed with 
_ it, they, become very confpicuous, by acquiring a white colour, 
and the opacity and appearance of chalk... The lofs of weight 
was 2.1 per cent. I was to, it before the; blow- 


IL ANALYSIS.” 


A HU NDRED grains the mineral, toa fine pow- 
der, were mixed with’ 200 grains of ‘pure foda, and expofed for 
an hour to a ftrong red heat, in a platinum crucible. The mix- 
ture melted, and affumed, when cold, a-beautiful grafs-green 
colour. When. foftened with water, the portion adhering to 
the fides of the crucible acquired a fine brownith-yellow. Ni- 
tric acid ‘it, a folution was ob- 
tained. 

a. Sus SPECTING, the appearence the Fated mafs 
affumed, that it might contain chromium, I neutralifed the fo- 
lution, as. nearly. as poflible, with. ammonia, and then poured 
into it a recently prepared nitrate of mercury. A white preci- 
pitate fell, which being dried, and expofed to a heat rather un-— 
der rednefs, was all diffipated, except a {mall portion of grey 

Matter, 


| 
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matter, not quite .o.1 grain. This’ matter was 
luble in acids, -but becanie white. ‘With ‘potath it fafed into a 


 colourlefs glafs. Hence I confider it as filica. This. ‘experi- 


ment fhews that no chromium was prefent. I was ata lofs to 


account for the precipitate thrown down by’ the nitrate of mer- 


cury. But Mr ALLAN having: fhown me a letter from Exe- 
BERG, in’ which he mentions, ‘that’ he had detedted niuriatic 


acid in fodalite, it was eafy to fee that’ the whole: ‘precipitate 
-was calomel. The white powder weighed 26 grains, indicating, 


riatic acid. 


3. THE folution, ‘thus freed muriatic con- 


centrated by evaporation, gelatinifed. ‘It was evaporated near- 


ly to drynefs; the dry mafs, digefted in hot water acidulated 
with nitric acid, and poured upon the filter. The powder re- 
tained upon the filter was wafhed, dried, an heated to rednefs. ) 
It weighed ‘grains, ; and was filica. 

4. THE liquor which had paffed the filter, was 
perfaturated with carbonate of potafh, and the copious: ‘white 


| precipitate which fell, collected by the filter, and boiled while 


yet moift in potath-ley. The bulk diminithed greatly, and the 
undiffolved portion affumed a black colour, owes to fome 
oxide of mercury with which it was contaminated. | 

5. Tue potath-ley being paffed through the filter, t to free it 
from the undiffolved matter, was mixed with a fufficient quan- 
tity of fal-ammoniac. A copious white precipitate fell, which 


being collected, wafhed, dried, and heated to rednefs, weighed 
29.7 grains. This powder being digefted in fulphuric acid, 


diffolved, except 0.22 grain of filica. Sulphate of potath being 
added, and the-folution fet afide, it yielded alum cryftals to the 
very laft drop. Hence the 27. 48 _— of Cave powder 
were alumina. 


6. Tar | 
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6. Tue black refidue which the potath-ley had not taken up, 
was diffolved in diluted fulphuric acid. The folution bem¢ 
evaporated to drynefs, and the refidue digefted in hot water, a 
white foft powder remained, which, heated to rednefs, weighed 
3.6 grains, and was — “se lime, ee to about 2 
grains of lime. 

4. Tue liquid from which the falphate of lime was ‘fepa- 
rated, being exactly neutralifed by ammonia, fuccinate of am- 
monia was dropped in; a brownifh-red precipitate fell, which, 
being heated to rednefs in a covered crucible, weighed 1 grain, | 
and was black oxide of iron. : 

8. THE refidual liquor being now examined by different re- 
agents, nothing farther could be precipitated from it. | 

g. Tue liquid (No. 4.) from which the alumina, lime, and 
iron had been feparated by carbonate of potath, being boiled 
for fome time, let fall a {mall quantity of yellow-coloured mat- 
ter. This matter being digefted in diluted fulphuric acid, part- 
ly diffolyed with effervefcence ; but a portion remained undif- — 
folved, weighing 1 grain. It was infoluble in acids, and with 
potafh melted into a colourlefs glafs. It was therefore filica. 
The fulphuric acid folution being evaporated to drynefs, left a 
refidue, which poffeffed the properties of fulphate of lime, and 
which weighed 1.2 equivalent to about 0.7 of 
‘lime. 

10. Tue conftituents obtained by the preceding analyfis be- 
ing obvioufly defective, it remained to examine whether the 
mineral, according to the conjecture of BouRNoN, contained 
an alkali. For this purpofe, 100 grains of it, reduced to a fine | 
powder, and mixed with 500 grains of nitrate of barytes, were 
_ expofed for an hour to a red heat, in a porcelain crucible. The 
fufed mafs was foftened with water, and treated with muriatic 
acid. ‘The whole diffolved, except 25 grains of a white pow- 
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der, which proved on examination to be filica.. The muriatic 
acid folution was mixed with fulphuric acid, evaporated to dry- 
—nefs; the refidue, digefted. in hot water, and filtered, to fepa- 
rate the fulphate of barytes. The liquid was now mixed with 
an excefs of carbonate of ammonia, boiled for an inftant or 
_ two, and then filtered, to feparate the earth and iron precipita- 
ted by the ammonia. The liquid was evaporated to drynefs, 
and the dry mafs obtained expofed to a red heat. in a filver cru. 
cible. The refidue was diffolved in water, and expofed in the 
open air to fpontafieous evaporation. The whole gradually 
fhot into regular cryftals of fulphate of foda. This falt being 
expofed to a ftrong red heat, weighed 50 grains, indicating, ac- 
cording to BERTHOLLET’s late analyfis, 23.5 grains of pure-fo- 
da. It deferves to be mentioned, that during this procefs , the 
filver crucible was acted on, and a {mall portion of it: was af- 
terwards found among the fulphate of foda. This portion was. 
feparated before the fulphate of foda was weighed. La 1 

preceding analy fig us ‘the conftituents of 
‘a follows : 


- 27.48 
Lime, - - 2.70 
Oxide of iron, - 1.00 
Muriatic acid, 
Volatile matter, - | 2.10 


100.00. 


| 
Mr 


MINERAL from GREENLAND. 395 
Mr Auan fent a {pecimen of this mineral to Mr Exe- 
BERG, who analifed it in the courfe of laft fummer. The con- 


_ ftituents which he obtained, as he fates them i in a letter to Mr 
| ALL AN, are as follows : . 


Silica, - 36. 

Mauriatic acid, - 6.75 
100.00 


Tuts refult dots not differ much from mine. The quantity 
of muriatic acid is much greater than mine. The lime and the 
volatile matter which I obtained, efcaped his notice altogether. 
If we wére to add them to the alumina, it would make the two 
analyfes almoft the fame. No mineral has hitherto been found 
containing nearly fo much soda as this. Hence the reafon of 
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XIII. Demonstration of the Fundamental Property of the Lever, 
By Davip Brewster, LL.D. F.R.S. Evin. 


[Read December 3. 1810.] 


T is a fingular fact in the hiftory of fcience, that, after all 

the attempts of the moft eminent modern mathematicians, 
to obtain a fimple and fatisfattory demonftration of the funda- 
mental property of the lever, the folution of this problem gi- 
ven by ArcHIMEDES, fhould ftill be confidered as the moft legi- 
timate and elementary. ‘GALILEO, Huycens, De 1a Hire, 
Sir Isaac NEwron, Macxaurin, LAnpDEN, and HamMILTON, 
have directed their attention to this important part of mecha- 
nics ; but their demonftrations are in general either tedious and 
abftrufe, or founded on affumptions too arbitrary to be recog- 
nifed as a proper bafis for mathematical reafoning. Even the 
demonftration given by ArcHIMEDEs is not free from objec- 
tions, and is applicable only to the lever, confidered as a phy- 
fical body. Gaxiteo, though his demonftration is fuperior in 
' point of fimplicity to that of ARCHIMEDEs, reforts to the ine- 
legant contrivance, of fufpending a folid prifm from a mathe- 
matical lever, and of dividing the prifm. into two unequal parts, 
which ac as the power and the weight. The demonftration 
given by HuyceEns, aflumes as an axiom, that a given weight 


removed 
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removed from the fulcrum, has a greater tendency, to.turn the 
lever round its centre of motion, and is, befides, applicable on- 


to a-commenfurable proportion. of the -arms.- The-founda-. - 


tion of Sir Isaac Newron’s demonftration is ftill more inad- 
miflible. He affumes, that if a given power act in any direc- 
tion upon a lever, and if, lines be drawn from the. fulcrum. to 
the line of direction, the. mechanical effort of the power will be. 


‘the fame when it is applied to the extremity of any of thefe — 


lines ; but it is obvious, that this axiom is as difficult to be pro- 


ved as the property of the lever itfelf. M. Hire has 


given a demonftration which is remarkable for its want of ele- 


gance. He employs the reductio ad absurdum, and thus deduces 


the propofition from the cafe where the arms are commenfu- 
rable. “The demonftration given by Macravurin has been. 
highly praifed; but if it does not involve a petitio principii, it 


' has at leaft the radical defed, of extending only to a commen- 


furable proportion of the arms. The folutions of LanpEn and 
HAMILTON are peculiarly long and complicated, and refemble 


- more the demonftration of fome of the abftrufett points of 
mechanics, than of one of its fimpleft and moft elementary. 
truths. 


In attempting to give anew demonftration of the fundamen- 


tal property of the lever, which fhall be at the fame time fimple 


and legitimate, we fhall affume only one principle, which has 
been univerfally admitted as axiomatic, namely, that equal and 
opposite forces, acting at the extremities of the equal arms of a lever, ° 
and at equal angles to these arms, will be in equilibrio. ‘With the 
aid of this axiom, the fundamental property of the lever may 
be eftablifhed by the three se propofitions. 


In Prop. I. the property is deduced in a very fimple manner, 


when the arms of the lever are commenfurable. — 


In 
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} 
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“Iw Prop. IL , which is totally independent of the firft, the de- 


monftration is genersl, to any between 


the arms. 


Prop. IH. the is s eftablithed, the at 
in an oblique direction, and when the lever is either redtilineal, | 


angular, or curvilineal. In the demonftrations which have ge- 
-nerally been given of this laft propofition, the oblique force has 
been refolved. into two, one of which is directed to the fulcrum, 
while.the other is perpendicular to that dire@tion. It is then 


affumed, that the force directed to the fulcrum. as no tendency to di- | 
sturb the equilibrium, even though it aéts at the extremity of a bent 


arm; and hence it is eafy to demonftrate, that the remaining 
force is proportional to the perpendicular drawn from the ful- 
crum to the line of direction in which the original force was 
applied, As the principle tlius affumed, however, is totally in- 
admiffible as an intuitive truth, we have attempted to demon- 
ftrate the propofition without its affiftance. 


Pror. I.—If one arm of a straight lever is any multiple of the other, 


a force atting at the extremity of the one will be in equilibrio with 
4a force atting at the extremity of the other, when these forces are 
reciprocally proportioned to the >. of 1 the arms to which they 

are applied, 


Let AB (PuareE XI. fig. ar be a lever Gockel, on 1 the two 
fulcra F,f, fo that Af=/fF =FB. Then, if two equal weights 
C, D, of 1 pound each, be fufpended from the extremities A, B, 
they will be in equilibrio, fince they act at the end of equal arms 
A f, BF ; and each of the fulcra f, F, will fupport an.equal part.of 
the whole weight, or 1 pound. Let the fulcrum / be now remo- 
ved, and let a weight E, of 1 pound, a@ upwards.at the point 
f; the equilibrium will ftill continue ; but the weight E, of 1 
pound, acting upwards at f, is equivalent to a weight G of 1 
pom acting downwards at B. Remove, therefore, 1 the weight 


| 
¥ 
4 
| 


weight C, of one pound, acting at the extremity of the arnt AF, | 
in equilibrio with the weights: D andG, which: together make 


‘two pounds, acting at the extfetnity of the arm FB. But FA ‘is 


to FB as 2 is to'13 therefore an equilibrium takes place, when 
the weights are reeiphitaity proportional to the arms, in the 
particular cafe when the arms are as 2 to fr. By making F f 
fucceffively double, triple, &¢. of FB, it may in like manner be 
thewn, that, in thefe cafes, the propofition fields true. 


ve 


any BCe b, Che. a. No. shape 
is placed on a ever A 9, whose fulcrum ts @, it bas the same ten- 
~ dency to turn the lever round , as if it were suspended “age a 


point G, so taken that 


Ir a weight W, of the fame with BC, ads | 
at the peint G, it will be in. equilibrium | with the -weight BC, 
and will therefore. deftroy the tendency of that weight to turn 
the lever round g. But the weight W, acting upwards at the 
point G, has the fame power to turn ‘the lever round @, as an 
equal weight w, acting downwards at ‘Confequently_ the 
tendency of the weight BC to turn the lever round 9, is the 
fame as the of an dawewards 


two ‘applied to a lever, and acting | at right to it, 
“bave the sdme tendency to turn the lever round its centre’ of 

. tion, they are reciprocally proportional to the distances f si na 
at which they are applied from the centre of motion, 
Let A od, (fig. 2. No. 2.) be a lever whofe is 


it be loaded a weight BD dé of uniform fhape and den- 
fity. 


Ls 
| 
| 
Le. 
? 
i 
f 
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, 
‘ 
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to lever if: 16 were fofpe 


The weights CF oc, DF od, | in equilibrio; by the axiom, 


have no tendency to turm the lever round ¢; confequently the 


‘remaining weight BC c.d, has the fame. tendency. to turn the le- 
ver round @ as the whole weight BDd "Hence ifdm=¢ m, 
the weight B cb adting at the ‘point, m, ‘will ‘have. the {ame 
‘tendency to turn the lever round ' a8 the weight BD dé acting 
at “Now BDds: me and fince 
be = bd—cd, we have 


in.diredtions which form equal angles with aperpendiculer drawn 
through that point of the arm, will bave equal tendencies to ture 
the lever round its centre of motion. 


Let AB (Gg. 3+) be.a lever with equal ditns AF, FB. Through 
the points A, B, draw:AiD, (BE, -perpendicular to'AB, and AP, 
Ap, BW, Bw, forming equal -angles. with the. lines AD, BE. 


Produce PAto M. Then, equal forces ating in the directions — 


IAP, will be in.equilibrio.: ‘But a force equal.to P, and 


acting in the dire@ion AM, will. countetadt the forep’P, acing 
in the dire@tion AB, or will tbave the: fame tendency turn 


theilever round F andthe force W,!a@ing: in she.direcion 
| BW, will have the lever xound F as 
“SG 


a; fo taken that Make Jes the weight 
be divided at: the point uts Cand By by, the limes Cc, F 
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tle force M: Confequently the force'W will have the fame tens 
dency to turn the lever round F as the force w; -and this will 
hold true; whether the arnis AF, FB, are ftraight or curvili- 
neal, provided that they are both of the fame —_— oat SS, 


Prop. III.—If a force atts in different directions at the same point 
in the arm of a lever, its tendency to turn the lever round its centre 
of motion, will be proportional to the perpendiculars let fall from 

that centre on the lines of direction in which the force is applied. 


Ler AB, (fig. 4.) be the lever, and let the two equal forces 
BM, Bm, act upon it at the point B, in the direction of the lines 
BM, Bm. Draw BN, Bz, refpectively equal to BM, Bm, and 
forming the fame angles with the line PB w perpendicular to AB.. 
To BM, Bm, BN, Ba, produced, draw the perpendiculars AY, Ay, 
AX, Ax. Now, the fide AX = AY, and Ax = Ay, on account 
of the equality of the triangles ABX, ABY; and if M/, Ma, 
be drawn perpendicular to Ba, the triangles ABY, BM/, will 
be fimilar, and alfo the AB: Bm we ob- 


AB: AY = BM: Bj, and | 
AB: Ay= BM: Ba 
Therefore, aque, AY: A I= Bl: B de 


be refpectively one-half of the diagonals Bo, Ba, 

Now let two equal forces BM, BN, act in thefe dire@ions 

_ upon the lever at B, their joint force will be reprefented by 

the diagonal Bo, and confequently one of the forces BM will 

he 
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be reprefented by B/= Bo. In the fame manner, if the two 
equal forces Bm, Bn, act upon the lever at B, their joint force — 
will be reprefented by Bw, and one of them, B m, will be repre- 
fented by BA=+Bwo. Confequently the power of the two. 
forces BM, Bm, to turn the lever round its’centre of motion, - 
is reprefented by B/, Ba, refpectively ; that is, the force BM. 
is to the force Bm as B/ is to Ba; that is, as AY is to Ay, the 
perpendiculars let fall upon the lines of their direction. 
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XIV. On the Rocks in the vicinity of Edinburgh. By 
Tuomas ALan, Esq; F. R. S. Eprn. 


[Read March 4. 1811.] 


LTHOUGH fcience has only within thefe few years ac- 
knowledged the importance of Geology, the eagernefs 

with which it has been cultivated, affords fufficient preof of the — 
intereft it is capable of creating. Of this we have a recent ex- 
ample in the laborious undertaking of Sir GrorcE MackeEn- 
zig and his friends, who, notwithftanding all the dangers pre- 
fented by a voyage through the moft tempeftuous ocean, and 
the deprivations to which they were expofed, in a journey 
through a country deftitute of the flighteft trace to guide the 
route of the traveller, were not deterred from exploring the 
inhofpitable fhores of Iceland. Thefe, and other travellers, 
have extended our knowledge-of various diftriéts on the furface 
of the globe; but we have ftill to lament the extreme imper- 
feétion of the fcience, which, as yet, has affumed no decided cha- 
racter or form. This appears principally owing to the want of 
fome fimple method, grounded on clear and intelligible princi- 


ples : 
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ples ; ; perhaps alfo, to its heavlsie always been the object of 
thofe who have treated the fubjeé, to accommodate their ob- 


> fervations to a particular theory ; and when this is the cafe, it is 


obvious, that the mind cannot refufe itfelf the fatisfaction, of 
dwelling with comparative-enthufiafm on facts which appear fa- 
vourable to the adopted fyftem ; while others of a different ten- 

dency, are either reluctantly, and therefore fuperficially confi- 

dered, or what is yet worfe, even ftudioufly avoided. 

In the prefent ftate of our knowledge, to diveft geology of 
theory, would be to deprive it of all its intereft. We muft not 
de{pair, however, that by the multiplication of particular faéts, 
and the expofition of others, with which we are ftill unac- 
-quainted, a fyftem of geology may yet be formed, founded ex- 
clufively on the phenomena of nature, or at leaft on reafoning 
much lefs hypothetical than is now required. 

THE moft obvious means of attaining this object, feems to 
be a careful, minute, and candid examination of every circum-. 
ftance which appears to convey. an explanation of itfelf, with- 
out reference to. any theory ; and from thefe we may ultimate- 
ly hope to obtain fome data, equally certain and MNRESHED: 
five. \ 

It is with this view, that I have formed my. collec: 
tions of geological {pecimens ; and although it will appear, that 
_ the arguments I have deduced are favourable to one fet of 
opinions, yet I can affert with confidence, that the diftri@ which 
it is the object of the prefent paper to examine, has been faith 
fully explored, and; I hope, rane defcribed.. 


| | | 
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Tris generally that no city in Europe: is more favour- 
ably fituated than the metropolis of Scotland, for the ftudy and 
_ purfuit of geology: even the ground which it occupies, when 
laid open for the erection of buildings, has occafionally prefented 
fome very interefting phenomena. — The hills in the immediate 
neighbourhood, always at command, afford a never-failing — 
fource of refearch; and in the furrounding country, a greater 
variety of foffils is to be met with, than aoe in any {pace 
of the fame extent. © ~ 
TuE importance of a compl ete acquaintance with the pheno- - 
mena which furround this city, cannot therefore, I think, be 
confidered of a trivial nature. Indeed, by the number of in- 
genious works already before the publi icy, it may be thought 
that the fubjeét is exhaufted. But this i is an error I am very 
defirous to combat, not only becaufe in my own experience I _ 
have found i it to be one, but becaufe, as {cience advances, our ha- 
bits of inveftigation improve, phenomena become more fami- 
liar, we learn to trace and to feize not only the objects we are in 
purfuit of, but alfo to detect others, which our practifed 
eye had originally paffed over unnoticed. : 
WE all think ourfelves perfedly eed with the rock, on 
which our Caftle ftands. But I fufpedt there are many mem-. 
bers of this Society, who will’be furprifed to learn, that fand- 
ftone occurs near its” fommit, and ally at its bafe. Sa- 
lifbury 


> 
& 
j 
\ 
+ 


lifbury Craig wil Arthur’s Seat appear perfectly familiar to us 5 


there are phenomena belonging to both, however, of which, I 


have no doubt, many are yet ignorant. That any circumftance 
of an interefting nature, fhould-remain unobferved, can only be 
accounted for, by its being taken for granted, that thefe confpi- 
cuous objects, having already undergone much critical: examina- 
tion, nothing farther remains to be noticed. This is an opi- 


ian which I fhall prove in the fequel, to be without founda- 


tion.. 

Arthur's Seat and Salisbury Craig, are the objeas, 
which firft attract the attention of the geological traveller, 
on his arrival in Edinburgh ; and to thefe places he is general- 
ly conduéted by fome one of our- amateurs, when the favourite — 
theory is introduced, and each corroborative fad dwelt upon, 
with all the ufual keennefs of theoretic difcuffion. This was the 
ground which, in all probability, firft fuggefted the Theory of 
Hutton ; and it was perhaps here, that his comprehenfive 


_ mind rigiaaily laid the foundation, of the ftruéture which 


he afterwards fo faccefsfully reared. But that theory, in 


-itfelf fo beautiful, and in many. points. fo perfe@, I am very far | 


from embracing entirely. I am very far, indeed, from follow- 
ing him through his formation and confolidation of -ftrata, or 
the tranfportation and arrangement of the materials, of which 
they are compofed. There are other circumftances alfo, which, 
though totally irreconcilable with any other hypothefis, are yet 


but imperfectly explained by his, I particularly allude to the ifin- 


eular contortions, exhibited in what are termed T, ransition ftra- 
ta, fo finely exemplified on the coaft of Berwiekthire: I 
with to carry my inductions, jutt As far as fads. will bearjthem 


out. It is therefore, only in the regions of unftratified rocks, _ 
or in 2 their immediate vicinity, that I have as yet, been able to. 


difcover 


- 
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difcover a language, which, if ftudied with due attention, can- 
not fail, I think, to become intelligible, and carry conviction to 
thofe, who choofe to reafon_impartially on the fubjedt.. | 
_ In the writings of Dr Huron, we do not meet with defcrip- 

tions of particular diftricts, his obje@ being rather to eftablith 
general by the facts which thefe diftricts 
afforded. 

WE cannot; shot thee: look to him for a ac- 
count of the neighbourhood of Edinburgh ; and we have to re- 
gret, that no other geologitft has yet undertaken that tafk. - 

In a fhort notice, in the Appendix of a work on another 
county, by Profeflor Jameson, this vicinity is mentioned as 
principally belonging, to what is termed the Coal Formation by 
Werner, which, according to the fyftem of that celebrated na- 
turalift, forms part of the Fletz rocks. 

To render thefe terms intelligible to the general reader, it is 

 neceflary to give fome explanation, as, without a confiderable 
knowledge of the fyftem to which they exclufively belong, ney 
muft be totally incomprehenfible. 
WERNER is the only perfon, who has. attempted a. regular ar- 
rangement of rocks ; an arduous undertaking, which I have no 
doubt he has accomplifhed, with all the accuracy the fubject was. 
fufceptible of, and fo far as the. country he examined allow- 
ed *, 

Bor it appears very evident, that the fadts he met with were 
fuch, that, in confequence of the hypothefis he had previoufly 
thought proper to adopt, it became neceflary to invent a theo- © 


Lon KS from other quarters, been fubfequently added to his formas 
tion-fuites, by his pupils.. 


4 
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ry capable of embracing all the phenomena, which the con- 
ftrudtion of his fyftematic arrangement led him to obferve.: A 


peculiar language was therefore indifpenfable; and as this 
language has been conftruéted with fo much regard to his theo- 


unlefs that is underftood and terms become 


lefs. 
By a formation is is meant, any feries or faite of rocks wtiigh 
ufually occur together ; hence the Coal Fonnation. 4 xs. COMPO- 


fed of 
2. Coarfe Conglomerate, 7. Marl, | 
3. Slate-clay, — 8. Clay-ironftone, 
4. Bituminous Shale, g. Porphyritic Stone, . 
5. Indurated Clay, 10. Greenftone *, 


with which the Coal occurs in numerous beds, varying extreme- 


ly 3 in thicknefs. Thefe, however, never all occur together, and 


it is no detriment to the Coal Formation fuite, even if Coal i it- 


-felf fhould not be found : among them. 


_Acatn, the term Fletz is given to all the contain- 


ed between the tranfition and alluvial rocks, and implies that 


they are diftinguifhed by their frequent occurrence in beds, 


which are much more nearly horizontal, than the primitive and 


tranfition 


* Greenftone is a literal tranflation from the German ; it is an extremely im- 
proper name; but as we have no other by which we can distinguish this variety 
of trap, we muft ufe it till a more appropriate is found, even at the expence of 
fuch language as red and blue greenftones, In the mean time, it muft be under- 
ftood merely as an arbitrary term. : 


~ 
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tranfition rocks. If directly tranflated, the word fignifies flat, 

and may be correctly defcriptive of the diftricts originally exaini- 
ned by WERNER; but as this conftru@ion will not apply uni- 
-verfally to this clafs of rocks, and as it is particularly at vari- 
ance with thofe belonging to it in this country, it would be bet- 
ter to follow the example of Profeffor Davy, and ufe the term 
parallel rocks, which is much lef liable to objection. alu 

Tue Huttonian..Theory. has no language peculiar to itfelf, 

having nothing to defcribe, that,cannot be done in the veel 

_ phrafeology of any country. This, by the zealous admirers of 
that doctrine, may no doubt be lamented, as depriving it of an 


apparent {yftematic arrangement, to which the oppofite ese 
is {o indebted. 


In forming a colleétion from the rocks in the neighbour- 
hood of Edinburgh, the circumftances above narrated, indu- 
ced me to begin with thofe of Salifbury Craig and its vicinity. 
The collection I have now the honour of prefenting to the So- 
ciety, I began fome years ago; it is only part of a feries, 
which,.as completed, I hope may be found worthy of a place 
in their cabinet. I confider it of very great importance, that 
every geological paper, fhould be accompanied with fpecimens, 
- in order that if the former befound deferving of publication 
in. your Transactions, thofe who perufe the defcription may 
know, that the fpecimens referred to, are to be {een 1 in the re-_ 


3F2 SALISBURY 


é 
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— Saxispury Craic is fituated on the north fide of Arthur’s 
Seat, againft which ‘its fouthern extremity’ refts: from this it 
extends, in a northern direétion, , and rounds ‘towards ‘the 
eaft, fo as to form the fegment of a circle, about half a 
mile in length It is furmounted by a magnificent facade, 
which is loweft at the extreme points ; 3 towards the mid- 
dle, the perpendicular rock may be ‘from ' 80 to’ go feet 
From. the bafe of this precipice, a floping bank, covered 
with debris, reaches’ to the: “valley below, altogether form- 
ing an elevation of nearly 400 feet. From the upper edge 
_ of it, a regularly inclined plane, flopes gently, on the oppofite 
fide, at an angle of about 15°, in a north-eaft direction, and 
forms the left bank of the valley, called the Hunters Bog. On 
the right of this valley, the rocks again rife rapidly, affording 
indications of two or three feparate facades. Thefe are not 
charaéterized in the diftin@ manner of Salifbury Craig, but are 
furmounted by a furface, which, though a little rounded, pre- 
fents an inclination with that Craig, in 
From the bafe of Salifbury or the bafe of 
the debris by which. it is encircled, towards the fouthern ex- 
tremity, the ground again rifes, and prefents an inclined plane, — 
fimilar to its own, but of lefs is oy 
the name of St Leonard’s Hill. O09 

HENCE it appears, that are three fimilarly iaclined 
planes or terraces, of which Salifbury Craig forms the interme- 
diate one, each of them having a different elevation. From this | 
ftruQure we may eafily conceive the origin of the Swedith — 
wend T rap, whigh hhas been employed as a generic term, for 


the 


al 
~ 
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the clafs of rocks to which this — iui generally be 
attributed *. 

IF we imagine a ‘pli: to from St 
Hill in an E.N.E. direction, which fhall cut Salifbury Craig, 


and continue through the right bank of the Hunters Bog, we 
fhall find the rocks in the following manner: 


Hill... 


Sandftone. 
Porphyritic Greenftone. 
“Sandftone. * 


Salisbury 
-Sandftone. ~ 
-Greenftone. 
Hunters’ Bog. 
Gr eenftone. 
‘Sandftone. 
. Porphyritic Greenftone. 
Trap-Tuff. 


of the difficulties which geology as well as has 
laboured undef, is the multitude of fynonymous terms which have been applied 
to every individual foffil, Trar has fuffered from this difadvantage, perhaps 
more than any other variety of rocks; as above noticed, that name is derived 
from the fimilarity to the fteps of a ftair, which may generally be traced in the 
outline of a country, in which this rock abounds ; and as it has been employed as 
a generic term by mineralogifts throughout Europe, I think it proper to use it, 
to the exclufion of whin/tone, the name it bears in the writings of Dr Hutton ; 


» 
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The two laft of thefe are not comprehended in the Coal For- 
mation fuite ; they are confidered as members of another for- 
mation, denominated the Neweft Floctz-Trap. 

‘Tue upper fandftone of St Leonard’s Hill, and she lower 
fandftone of Salifbury Craig, are, fo far as we know, continu- 
ous; but as thefe, fuppofing the lines of the ftrata to be pro- 

_ jected, would form a bed of 450 feet thick, it is poflible 
alternations of greenftone may occur in it. Above, I have on- 
ly mentioned fuch as are vifible. 

TuosE on the right of the Hunters’ Bog, are not fo diftinély 
expofed as the reft; but the foffils are all found in the order I 
have ftated. Occafionally fmall feams of reddifh-brown co- 

-loured flaty clay, and clay-ironftone occur, principally inter- 
mixed with the fandftone; but they are fo thin, and fo uncon- 
nected, that they can fcarely be confidered as ftrata. 

THE feries of {fpecimens I am now about to defcribe, are thofe 
of St Leonard’s Hill and Salifbury Gms. | 


No. I. is a fpecimen of the Sandftone of St Leonard’s Hill ; 
it is of a reddifh-white colour, and extremely coarfe-grained. It 
was taken from the middle of the quarry, and prefents a f{pe- 
cies of conglomerate, the fragments of fandftone being agglu- 
tinated by a dark-red ferruginous pafte. 

No, 2. from the fame quarry, is more compadt, and prefents 
a ftreaked appearance, correfponding with the direction of the 
ftratum. There is a confiderable degree of irregularity | to be. 
obferved, in tracing the line of junction at St Leonard’s Hill. 
In fome ae two or three folds af the ftrata are cut off 

| 


a name which, though perfe&tly underftood in this country, not 
abroad, and ought therefore to be relinquifhed. 
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abruptly at each end by the greenftone; in another, that fub- 
ftance finks fuddenly as it were into a gap in the ftrata, and be- 


ing loft in rubbifh, has fomewhat the appearance of a dike. 


Beyond this a double horizontal wedge of greenftone, with the 
_ends turned downwards, appears among the ftrata; and a little 


farther, towards the north, a roundifh mafs of the fame fubftance © 


-alfo occurs ; this has very much the appearance of an included 


fragment, but the decompofition of the fandftone has juft’be- 


gun to expofe its connection with the rock above. 


the fandftone, Porphyritic Greenftone (No. 4.) refts. The | 


colour of this is reddifh-brown; the texture is fine-grained ; 


and it contains fmall fpecks of flefh-coloured calcareous f{par. 
It is traverfed in various places by veins of Hematitic Iron-ore 


(No. 4.) accompanied with fulphate of barytes. Thefe two 
fpecimens have very much the character of fome varieties of 


porphyry-flate, and on breaking one mafs, I obferved a tenden-. 


cy to a flaty arrangement. In different places of this quar- 
ry, the greenftone affumes a variety of appearances (No. 5. 
and 6.), fome of which might be attributed to decompofition. 
I do not conceive, however, that any external caufe has ever 


~ had much effe@ upon this rock, although in fome places it has 


entirely loft its luftre, (No. 7.), and might be miftaken for 
trap-tuff, were it not for the thape of the cryftals. 
Asove this, the rock graduates into a highly cryftal- 


line Porphyritic ftone, (No. 8.) the pafte of which is of a 


‘brownifh-grey colour, very clofe-grained, with an uneven 
fplintery fracture, containing both cryftals of felfpar and horn- 
blende. 
In this quarry there are feveral inftances of slikeatides, 
one of which is rather remarkable, it occurs in an inclined rent 
in the fandftone : the traces of the’ flip, (No. 9); are horizon- 
| tal, 
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tal, and extremely well defined ; but immediately over it, in the 
greenftone, the appearance of the flip is not continued. Some 
indications of a flip appear a little to the right of it. 

In a part of the Greenftone which is confiderably decompo- 
fed, a vein, ftretching horizontally,-of a dark-green fibrous 
fubftance occurs, (No. 10.); it is foft, and has a fhining fatiny 
luftre, like afbeftus. I have not in this vicinity met 


with pad fimilar fubftance. 


WE now pee to Salifbury Craig, where the circumftances 
I fhall principally nasi are, 


1. The texture of the greenftone re rock, with the follils i it con- 
tains. 
2. The vein of greenftone by which the Craig is interfedted. 
. 3. The included — of fandftone which occurs in the green- 


{tone ; and, 
4. The indurations and interruptions of the frata, 


No. 11. is a fpecimen of the greenftone taken from the lower 
edge of the bed, at the great quarry, where it touches the fand- _ 
{tone ; the point of contac being marked by a fmall remaining 
fragment of the latter, at which the grain of the ftone‘is much 
finer than at the other extremity. The colour is iron-grey, 
with fmall fpecks of calcareous matter interfperfed. 

Nos. 12, 13, & 14. are different gradations of texture, taken ina 
vertical line, from the edge towards the centre, where the ftone 
is always moft perfectly cryftallifed; from hence it again de-. 
clines in grain towards the upper furface, where we find it in 

the fame earthy and uncryftallifed ftate (No. 15.) obferved at 
the bottom. In the laft {pecimen, there is a {mall detached 
fragment 
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fragment of the ftratified matter imbedded in the grceen- 
ftone, a circumftance connected with a. very important clafs 
of faéts. 
No. 16. This: fpecinietd of is remarkable, as exhi- 
biting a variety of colours ; thefe are not blended, but diftina-. 
ly divided from each other. The colours are iron-grey, light- 
grey, dark-red, and brick-red. 

No. 17. This {pecimen i is a ftrong example of the improprie- 
ty of the name which it bears; it is a greenftone, decidedly of 
a red colour. The fingular penetration of ferruginous matter, 
which is exhibited in various parts of this rock, is not eafily ac- 
counted for ; but fuppofing it to have been once in a ftate of fu- 
fion, it may have obtained this fuperabundance of iron by ab- 
forption, as the {trata abound in that 
mineral, 

In various parts of the iat veins of a peculiar nature may 
be obferved ; they are compofed precifely of the fame ingre- 
dients as the rock, and are diftinguifhable only by the red co- 
lour of the felfpar, (No. 18). Thefe are termed contemporaneous 
veins, or veins of secretion; they are deeply waved, and gene- 
rally follow the direction of the bed. Some of them prefenta _ 
very bright brick-red i (No. I ee mixed with fpecks: of 
calcareous {par. 
Nos. 20, 21. in thefe fpecimens, are fmall of a black 
earthy fubftance, which I am at a lofs to name. I fhould have 
confidered it Amphibole, but for the next {pecimen, (No. 22.), 

which the fame fubftance appears to occur in irregular 
fragments. 

No. 23. Analcime cryftallifed Calcareous Spar. I be« 
fore noticed, that it was in the heart of the bed where the 
fubftance of the greenftone prefented the cryftalline texture in 

Vou. VIP. 3G 
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the: higheft perfe&tion. The’ occurrence of the is 


connected with the fame fact. I have never been able to find. 
it on Salifbury Craig, excepting at one period, when an entire 
of the bed was off, and the of this. 
the analcime occurred. | 
No. 24. with falphate af barytes, with aleareous iron- 
ore, 

No. 25. part of 4 very irreginlar vein. fides are 
of calcareous. {parry iron-ore, which is followed by a coating of 
hematitic iron. Here the regular ftratification,/as it is called, 
of the vein ends, and calcedony,. firft femitran{parent,. then 
opake, and common calcareous {par, occupy the reft. = 
No. 26. calcareous {parry iron-ore. with fome 

tranfparent cryftals of quartz. | 
No, 27. large cryftals of calcareous ‘ar, with cryallifed 
and radiated tufts of quartz.. 
No. 28. red oxide of i with a vein n of calcareous fparry | 
iron-ore. 
29: green coloured quartz with: a coating eryftallifed | 
quartz. 
No. 30. cryttallifed quartz; 
- Sucu are the minerals which oecur on Salifbury Craig. Some 
of them are rare, and others to be found only ® when the rock is. 


working i in 


THE next circumftance I to is vein 
greenftone *. It occurs a little to FAs north of. the {pot, to 


* The term dyke has ‘been. very to-weins of this 
and.I am not fatisfied that it is the leaft proper of the two; as there certainly 
is a matked diftinétion between veins compofed of rocks, and what we general- 


ly 
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which the cart- road, along the bafe of the rock extends, a 
few feet beyond a gap, known by the name of the Cat's Nick. 


_I po not think this vein attra@ed the attention of geologifts 


in any particular manner, prior to 180 5» At certainly was ob- 
ferved long before that period, but was not known to extend 


through the bed of greenftone,-till Sir JAMeEs Haut and myfelf 
noticed, that after cutting the fandftone, it continued its courfe 
uninterrupted to the top. This obfervation contributed. very 


much to increafe- our curiofity , and a man was employed to 
clear = the foil and rubbifh, which had accumulated on the 


furface. A confiderable portion of the rock “was foon laid 


open, below the point from which it was.at that time vi- 
fible. N othing, however; of much intereft, was by this means 
difcovered. The dike, after pened s a little to one fide, conti- 
nued its courfe downwards. 

THE {pace which this dike occupies, may ( froin fix to te 
feet wide ; its width varies a little in fome parts, and thefe va- 
riations are apparently i ge creafed, if the feGion which is obfer- 
ved be not at right angles with the walls. That portion 
embraced by the ‘ftrata, which we found principally co- 
vered with debris, was very much decompofed, prefenting on 
the furface a certain — of nodular exfoliation, , of a rufty- 

brown 


ly underftand by mineral The firft are of one: 


compofed in all their parts of the fame conftituents, and differing only in po- 


fition, from the beds thefe materials more ufually form ; while the latter, 
though fometimes formed only of one fubftance; fuch § quartz or calcareous 
{par, are generally compofed of a feries of foffils, arranged in lines parallel to 
the walls. No fuch appearance ever prevails i in rock veins, or conftituting 
mountain maffes ; therefore, in ufing ‘the term vein, when applied to greenftone, 

granite, or the like, it mutt be underitood as a sy term, of which these dat. 
ter, {pecify the variety. 
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brown colour. On. breaking into the rock, it exhibited 
(No. 31.) * the concentric lines fo common in decompofing 
greenftone; and beyond this, the ftone. prefented degree 
of frethnefs, with a very coarfe grain of a peculiarly light 

afh«grey colour, and a very dull earthy texture, (No. 32.) 


Between this portion of the ‘vein and that embraced by 


the greenftone, there is a very remarkable difference, the 

Jatter. being of the ufual iron-grey colour, and otherwife 
perfealy characteriftic. Before it leaves the fandftone ftrata, 
a feems to contain an unufually large proportion of calcareous 
matter, This may haye aided the decompofition, together with 
the moifture retained by the debris, fo lately removed from its 
furface, and which has left it in a’ ftate. eafily affected by the 
weather. Since I commenced writing this paper, I made an 
excurfion to the {pot, and was greatly apa to obferve the 


 devaftation of laft winter. 


Before the vein rifes above the level of the ities a 
of i it, ftill more decompofed 1 than the reft, of a dark-purple co- | 
lour, branches off, and embraces. a wedge-thaped mafs of the 
fandftone (No, 33. and 34.) mdurated in a very high degree. 
— Juft at the top of this indurated mafs, the whole dike changes. 
its colour, and, ¥ may alfo fay, its confiftence. It here prefents _ 
a light-greyifh afped, deeply ftained,. with red ferruginous 
marks, of a dull earthy texture, an even fracture, and a tolera-. 
bly fine grain, (No. 35.) “Phat ‘portion correfponding with, 
and immediately over the included fandftone, I found much 
coarfer in the grain, sa 36.),: in in a more decompofed 


Correfponding numbers wilt be found in the annexed engraving, ‘which 
more fully the of the 
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ftate ; whits it differed from No. 37., the ftone on the fides, 
which were perfectly fimilar to each: other m Pedi 
tion. 

TR ACIN c the friable portion ‘upwards, 
found it gradually became harder, and, of a fudden, chan ge to a 
fine-grained blue-coloured greenftone ; and the part correfpond> 
ing with the included mais, alter to'a hard coarfe-grained rock, 

(No. 38.) I foon obferved, that this coarfe-grained mafs, which 
is about ten inches thick, continued upwards, maintaining an 
uniform dimenfion and pofition, in refpeét to the walls of the 
vein, as high‘as the eye could trace it in the rock, thus divid-— 
ing it into two portions; that on the left fide being about eigh- 
teen inches wide, while the other is about five feet. i 
On comparing the texture of the included ftripe, with that 
of the walls on each fide, (No. 39. left, fide; No. 40. included 
-ftripe; No. 41. right fide,) taken in a horizontal line, about fix 
feet above the ftrata, I found as clofe a refemblance as it is poffible © 
to conceive ; they are all coarfe-grained, and highly cryftallifed. © 
This fimilarity is not more remarkable, than the difference be- 
tween the fubftance of the vein and the included mafs. Speci- 
mens taken from the junétion of thefe, mark this in a ftriking 
manner.. No. 42. is from the left fide of the right portion of | 
_the vein, to which the fine-grained part belongs. No. 43. is” 
from the middle of this portion 5 ; and No. 44. from the fide 
next the right wall. Thefe were alfo taken in a horizontal 
line, and exhibit the fame gradation. of grain noticed as 
exifting in the great bed. Even in the narrow portion of 
eighteen inches, on the left fide, this circumftance is quite vi- 
fible; but the fpecimens taken from the other are highly illu- 
ftrative of the fact.. 
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I wave had an opportunity of examining many veins. 6f 


greenftone ; but I know of none more interefting im a. ee 


gical point of view than this. 
I THINK it can fcarcely be doubted, that the fame. affore 


which feparated the included portion of fandftone, cleft the 


correfponding ftripe of greenftone from the great bed. This, 
as well as the gradation of grain, everywhere obfervable in beds 
and veins of trap, are remarks, in my opinion, of confiderable 
value to the Huttonian hypothefis. On’a former occafion, 
when I had the honour of fubmitting fome remarks on the 


north of Ireland to the Society, I took an opportunity of 


dwelling particularly on the laft circumftance. Like the 
charring of coal, when that fubftance is found in contact | 
with whin, as has been ably remarked by Profeflor PLay-— 


Fair, “ few. fads in the hiftory of foffils fo dire@ly af-. 


“ fimilates the operations of the mineral régions with thofe 
“ which take place on the furface of the earth *.” This gra- 
dation of texture has a ftrong analogy to many accidental faéts 
obfervable in furnaces, of glafshoufes and the like, and ftill more 
fo to thofe experiments made exprefsly for the purpofe of af- 
certaining the effects of flow cooling, by Sir JAMEs Hav and 
others. One additional argument for the i igneous origin of thefe 
veins, has been added by the obfervations of Sir GEorGE Mac- 
KENz1E and his friends, in Iceland, in perfed correfpondence | 


' with the above fa@. He there: found. many veins of this fub- 


ftance, coated on the fides with a glaffy covering, exactly fimi- 
lar to melted greenftone, when rapidly cooled. 
I sHouxp expect the fame circumftance would be met with in 


veins of porphyry and granite; but I have not bem able to ex- 
tend 


* Tlluftrations of the Huttonian Theory, § 68. 
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: tend my obfervations fo widely, as to embrace the facts refped- 
ing thefe rocks. One remark I fhall, however, hazard in 
this place, refpecting an eflential difference between veins of 
granite and thofe of greenftone. | The former feem to be of 
fimultaneous formation with the great body of that rock, to 
which they may generally be traced, and, fo far as I have hither- 
to obferved, are never found to cut it. Veins of greenftone, on 
the other hand, I have never feen conneéted with the great beds 
of that fubftance ;. they traverfe thefe jut as they do every 
other kind of rock, and confequently are in all inftances of a 


pofterior formation. I am aware, that thefe ideas are ve- 
Z: much at variance with certain received opinions. I there- 
or 


e. with to. be nnderftood as peaking folely upon own 


experience, 


ie HAVE now to mention the ‘eaL-kadwa included mafs of 
fandftone. Along the edge of the ftrata, a number of inftances 


occur on Salifbury Craig, affording the moft unequivocal marks 


of difturbance ; but it prefents only one example, of a mafs to- 
tally enveloped i in the fubftatce of the greenftone*, 
“Tus {pot has been the fcene of much controverfy, between 
contending  geologifts. While the Huttonian confiders it as a 
- moft incontrovertible proof of violence and of heat, the Werne- 
rian contends, that there is nothing in the leaft extraordinary in 
the appearance, and afferts, that the fuperficies of the apparently 
included mafs, is no more than the fection of fome part of the 
firatum, which, if traced, would be found to conneé with the 
reft ; that it had been enveloped i in the fluid menftruum of the 
greenftone é wlien i in this elevated i mecca) and that the rock be- 


* Since this paper was fent to ler. “others have been obferved i in different 
parts of the rock. 
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ing cut in a certain direction, a feGtion having the appearance of 
an infulated mafs, would of courfe be expofed to view. There 
is no doubt that fuch a circumftance is perfeétly poffible ; but, 
in the prefent inftance, this explanation will not be found at all 
applicable. In every other cafe, where the ftrata appear difplaced, 
they are not torn from the reft, nor has the greenftone infinuated 
itfelf, except as a wedge, fupporting the lifted maffes.. The 
included maf is of a light greenifh-grey colour, in fhape quadran- 
gular, and, when minutely examined, will be found fhivered in- 
to numerous diftin& fragments, with veins of greenftone run- 
ning through it in every diretion.. It partly retains its ori- — 
ginal ftratified texture (No. 45.) although indurated in a very 
high degree, and is fo firmly welded to the greenftone, that it 
is no difficult matter to obtain fpecimens (No. 46.) of the 
conjoined rocks; one {mall fpecimen (No. 47.) in the collec- 
tion, is twice interfected by that fubftance. It, therefore, has no 
refemblance whatever to thofe pieces of ftrata, which are only 
in part detached, and which, if cut in a tranfverfe direction, 
would, in all probability, exhibit an infulated fection. That 
fe&tion, however, would not difplay the broken and diftorted 
appearance defcribed above, at leaft if we may be allowed to 
judge by the integrity of the longitudinal fections, of which 
there are fo many examples i in this vicinity. Befides, the colour — 
of the included mafs is totally different from that of any of the 
{trata near it, which are here of a deep red (No. 48.), and at 
this particular {pot are remarkable for their apparent derange- 
ment. I therefore conclude, that there is every reafon to con- 
fider this, as a fragment detached from fome other part of the . 
fandftone, and left fufpended in its prefent fituation, when the 
greenftone affumed a folid confiftence, as was originally con- 
 jeQured by Dr Hutton. 

| I 
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_ Tow come, as propofed, to that divifion of the fubject which: 
relates to indurations.- By induration is meant, a greater degree — 
of compactnefs, obfervable in particular parts of ftratified rocks, 
than is ufual throughout their mafs. One part of a bed may be 
harder than. another, confequently more indurated. But the in- 
duration here alluded to, is that which is fuppofed:to have been. 
effected, by an alteration in'the denfity of the —_-* in confe- 
quence of the action of heat. : : 

_ Turse phenomena are of a very ftriking nature, and were 
firft brought into noti¢e by Dr Hutton ;. in them, he found 
evidence, to him perfectly conclufive, of the igneous formation 
of whin, and, with that ingenuity and perfeverance which cha-- 
racterife the whole of his works, he did not fail to generalife. 
his obfer'vations, and to place the facts, firft noticed in this {pot, 
in fuch a light, as ta. render them etme ufeful | to his 
theory. 

THE anxiety which the difciples of the Wernerian {chool 
have always evinced, to undervalue the merit of this obferva- 
tion, is a fure mark of the eftimation in which they hold it; 

and it is, therefore, very properly confidered by the fupporters 
of the oppofite doctrine, as one of their ftrongeft holds. In the 
following lift, are comprehended. moft of the varieties, which 
this indurated fandftone prefents on Salifbury Craig. 

No. 49..is,a junétion fpecimen*, taken near the fouthern 
extremity. of the Craig; here the grecaiione.a is of the deep red 
tinge noticed at No. 17.. | 


« By junéion /pecimen is meant, a {pecimen which exhibits the greenftone and: 
the fandftone conjoined. 
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No. 50. is another ao ee of the fame kind ; the greenftone 
is here of the ufual colour, and the line of junction moft admi- 
rably defined. This was taken from the great quarry. ~The 

next, (No. 51.), is a fpecimen of the fandftone in its fuppofed 
unaltered ftate. Nos. 49, and 50. are both from the lower 
junction. No. 52. is from the upper edge, taken about half- 
way between the higheft part of the Craig and Holyroodhoufe. | 
Here the fandftone prefents a facetted appearance, an arrange- 
ment which may be owing ‘to the fuperabundance of calcareous © 
‘matter. 

No. 53. is highly indurated, of a deep red colour, with a 
conchoidal fracture, and a facetted texture. 

No. 54. has the fame facetted appearance. — | 

No. 55., extremely clofe-grained, is from one of the contor- 
‘tions north of the dike. 

Nos. 56, & 57. Thefe are the varieties of the fandftone which | 
‘have been called jasper. This is an improper name, as it con- 
founds two fubftances totally different. The moft compaét con- 
tains a large proportion of lime, and in afpect is very fimilar to 
fome of the limeftones of Gibraltar. ‘ 

Nos. 58, to 61. are varieties of the fand{ftone, found near ais 
greenftone. 

No. 62. Although this Sicilia was taken very near the 
greenftone, ftill it does not exhibit the ufual induration. ‘This 
exception occurs in different places on Salifbury Craig; and it 
even fometimes happens, that the ftone next the whin is lefs in- 
durated than the one below it. _ 

No. 63. Coaeening a large proportion of ferruginous mat- 
ter. 

N o. 64, to 66. Different fhades and varieties of the fanditone, 
in an indurated ftate. 

No. 


‘ 
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We. 67. In this {pecimen there is. fomething very like the ap- 


pearance of an agate; it, however, is not-contained in the fub- 


ftance of the greenftone, but in the ftratified matter below it. 


No. 68. Another fpecimen of the fandftone, in its unaltered. 


ftate, taken about thirty feet. from the greenftone. 


Dr Hutrow conceives, that the induration, fo very remark- 
' able in the above fpecimens, was ‘occafioned by the heat of the 


whin, when it was injected between the ftrata of fandftone, cau- 


fing it to undergo a certain degree of fufion; and, to this idea, 


the facetted texture of fome of the {pecimens adds confiderable 


_weight, fuch arrangements being very familiar in ‘ftones which 


have undergone fufion. | 
- Tue Wernerian fchool, to account for the fame phenomenon, 


- afferts, that as fandftone is generally porous, the fluid folution — 
of the trap being introduced into the fiffure, naturally percola- 


ted to a greater or lefs extent *.. Again, that it is owing to the 
intermixture of the matter of the vein, with the rock that forms 


its walls}; and, as a proof of this, it is added, that no indu- 


-Yation appears, where the rock i is of a 
zy bafe. 

THESE arguments occur in different ities but they appear 
to me very little calculated to fupport ‘the point in difpute, 
_ if not in fome refpects contradictory. On Salifbury Craig, and 
generally throughout the neighbourhood of Edinburgh, where- 
ever we find fandftone coming in contact: with greenftone, 
either in beds or veins, we are almoft certain, that an indura- 
tion will be exhibited along the edge of the Brita. 


& 
* View of the Motiontan and Neptunian Theory, Ps 130.- 


+ System of Mineralogy, vol. ili, p, 365. 
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Ir has already been obferved, that there are fpots: on Salif- 
‘bury Craig, where this is not fo apparent as in others, and it 
very often happens, that {mall feams of clay occur, in a per- 
fealy foft ftate. In Ireland, at Scrabo, in the county ef. Down, 
and at Fairhead in that of Antrim, I found fandftone in the — 
former, cut by veins, and in the latter, overlayed by a bed — 
300 feet thick, where no ind:ration was to be feen. Now, it 
appears conclufive, that there could not. have been a deficiency 
of induration in any fpeck of Salifbury Craig, far lefs a total 
abfence, as in the cafes quoted in Ireland, had it in any inftance 
been effeéted either by percolation, or by the intermixture of 
the matter of the-vein. The fuperincumbent or included mat- 
ter, if in a fluid ftate, whatever its chemical powers were, 
would, to a certain extent, act mechanically, and be, in all cir- 
~ cumftances, pofleffed of the fame power of communicating its 
moifture to the furrounding maffes. It is therefore impoflible — 
to conceive, how it fhould have withheld it in one inftance, and 
parted with it fo amply in another, how it fhould have indu- 
rated the fandftone, and left the thin feams of clay ina foft 
and friable ftate. It is quite unimportant, of what bafe the ~ 
fandftone may be formed; it is.a fubftance, allowed as above 
to be generally | porous, (and, in the cafes alluded to, it certain- 
ly was fo) ; into that porofity, therefore, the fluid muft have 
percolated, whatever the bafe may have been. 

On the contrary, according to the Huttonian hypothefis, in- 
duration diftin@ly depends, on the compofition of the ftrata ex- 
pofed to the influence of heat. Some ftrata may either whol- 
ly, or in part, be capable of refifting much higher temperatures 
than others. It is confequently to the ingredients of which 
they are formed, that we muft look either for the caufe of in- 
duration, or the abfence of it. This remark originated i in ob- 

ferving, 
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terving, that all the indurated fandftones of this country, con- 
tained more or lefs calcareous matter, while the unindurated 
{pecimens from Ireland, did not afford the flighteft 
of that fubftance, when fubjegted to the fame teft. 
Berore I take leave of Salifbury Craig, I mutt notice one 
more circumftance, which, fo far as I have hitherto feén, is 
quite peculiar to the fpot. I mean the occurrence, in veins, of . 
a fubftance in all refpe&ts fimilar to the indurated fandftones, 
I have juft been defcribing. The firft of thefe I obferved, is 
about thirty paces north of the vein. _The ground being cut 
away, in order to fee its connection with the ftrata, it branched 
out like the prongs of a fork, and had the interftice filled with 
a red decompofed fubftance (No. 69.), fimilar to that which 
occurred at the extremity of the included ftripe of greenftone 
in the vein. Where the prongs join, it is about three or. 
four inches wide, and is there, partly compofed of indurated 
{andftone, and partly of hematitic iron-ore and calcareous fpar. 
(No. 70.) Higher up, where the vein is narrower, it is whol- 
ly compofed of fandftone, the fpecimen, No. 71., being the en- 
tire thicknefs of it. Here the grain is finer than at firft, and, 
higher up, it becomes ftill more fo, (No. 72.) It ftill conti- 
nues to taper upwards, and even when reduced to lefs than half 
an inch, the fubftance retains the ufual afped of indurated {and- 
ftone, (No. 73-) This vein rifes about twenty to thirty feet 
into the rock, always diminifhing, and about that height dif- 
appears. I have remarked other veins, alfo containing fub- — 
ftances fimilar to indurated fandftone (No. 74.), one was of 
a much larger fize than that above defcribed (No. 75.), but the 
grain not near fo compact, (No. "6. ) 
TuEsE veins all fet off from the lower furface, and fo long 
as they are of any confiderable thicknefs, the including rock is 
ftained 
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ftained with ferruginous matter. ‘his fact: feems connected 
with the fingular appearances, which occur in the vein of green- 
ftone, at the level of the — of the. Radihoue rota with 
the incumbent bed. 

WitTHovT offering any remarks on a fact as yet fo infileed, 
I content myfelf with merely mentioning it, in hopes that fimi- - 
lar appearances may prefent themfelves to geologifts in other 
quarters, and perhaps throw fome light on a phenomenon, 
which by farther elucidation may prove interefting. 


Berore I clofe this paper, I fhall take the opportunity of pre- 
fenting to the Society, two fpecimens which were given to 
by Sir Grorcr MackeEnzig, and which I efteem of con- 
fiderable value; one of them, a fragment of the rock of Salif- 
bury Craig; the other, of the Calton Hill, marked in the 
handwriting of the late Dr KENNEDY, as the fubftances he ana- 
lyfed, and of which an account was given in the 5th volume 
of thefe Transactions. The great variety in the rock, both 
of Salifbury Craig and Calton Hill, makes it of importance to 
afcertain with: precifion the kind employed in the refearch of 
that celebrated chemift ; and as the moft proper place for their 
reception, I depofite dinate the cabinet of this Society, along 
with my own collection, under the Nos. 77, and 78. 
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Stnce I had the honour of reading the foregoing paper to. | 
the Society, a ftrong cafe in illuftration of what is mentioned. 
in the commencement of it, has prefented itfelf ; I mean, with _ 
refpecd to the conftant occurrence of new and interefting mat- 
ter, even in the moft frequented ground. | 
A Few days ago, Profeffor PLayrair mentioned to me, that 
by. the cutting down of a fection of the Craig, within thirty 
paces of the fouthern extremity, feveral mafles of fandftone 
had made their appearance, imbedded in the greenftone. I 
loft no time in vifiting the {pot, and was greatly pleafed to find, 
_ a confiderable addition to the interefting. facts, already exhibit- 
ed on Salifbury Craig. 
_ At this part of the rock, the greenftone becomes very thin, 
being no more than twenty to twenty-five feet thick ; it has the 
- appearance, however, of having once been of greater extent, 
. the upper part being apparently cut away by fome operation of 
nature, of which we have now only to obferve the effects. It 
flopes rapidly towards the fouth, and is covered to a confider- 
able depth with foil and travelled ftones. It is at the upper 
furface of this, that the imbedded mafles occur; they appear 
to be portions of ftrata, which obferve the general inclination 
of the fandftone of Salifbury Craig, that ts, dipping towards 
the north-eaft, while the expofed fections are parallel to each 
other, and nearly horizontal ; confequently, being near the fur- 
face, they are cut off, or crop out, on the fouth fide. Their 
appearance, 
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appearance, however, befpeaks their having been, at fome for- 


mer period, totally included in the greenftone. One mafs, in- 
deed, a little towards the north, is unequivocally fo; at leaft we 
know with certainty, that a fhort time ago it was inclofed in 


the greenftone, and not to be feen ; and there is at prefent, great 


apparent probability, that the next fection taken from the fame 
part. of the rock, will carry it away altogether. 

TILL now, we only knew of one included mafs in the green- 
ftone of Salifbury Craig ; and with this, thefe now difcovered 
have confiderable analogy ; they are of the fame colour, and al-. 
though they appear to be only four or five diftin@ mafles,. 
thefe mafles are all interfected vertically and diagonally, and 


are fplit through the whole length of the horizontal line; fo 


that in examining a fection of about ten feet perpendicular, no 
lefS than nine different alternations of fandftone may be reckon- 


ed. Some of them are no doubt very minute ;.but ftill they were 


all obfervable when [ examined the rock. 

From the moft northern mafs of included fandftone, I was. 
enabled to procure a few {pecimens, which I’ have’ added 
to the above collection. The rock rifés fo rapidly from 
the fouth,. that although this mafs is. nearly in the fame: hori- 
zontal line with the others, all of which crop out to the furface, 
and although it is not diftant more than four or five yards, yet 
it appears to be fituated nearly about the middle, between the 
fanditone and the upper. furface, from which it may natural- 
ly be inferred, that the mafles. which now crop out, were like. 
this, once entirely included-in the fubftance of the greenftone.. — 


It is highly indurated, and at the extremities, is drawn out into 


minute veins, The thicknefs of the principal mafs may be. 
from ten to twelve inches, and in length from fix to eight feet.. 
This body, as above noticed, is cut in all directions by the — 

ereenftone.. 


| 

i 

} 

j ‘ 
| 2 

| 

: 

| 

‘ 

| 


VICINITY of EDINBURGH. 433 


‘ial The fpecimen No. 70. fhews a portion of the 
fandftone, with that fubftance traverfing its ftratified lines dia- 
-gonally. No. 80. is a mafs of the fandftone, containing a 


{mall portion of greenftone, much of the fame fhape as the 
double wedge of St Leonard’s Hill, and formed, as I conceive, | 


exactly in the fame manner. This wedge, on one fide of the 
' f{pecimen, is two inches long, but, on the oppofite, it is not 


one; and in the counter part of the fame fpecimen, (No. 81.) _ 


it is only to be feen on one furface ; it does not penetrate to the 
Be. gther fide, though fcarcely an inch thick. 
‘fT am glad to find, that intereft has been made to prevent 


this valuable fet of fads from being foon. deftroyed, as, ina — 


few weeks, the rock in which thefe are contained would have 
been broken down, and carried off for the repair of the neigh- 
bouring roads. 


Ir is on this account, that much sdiitity i is requifite to ‘keep 
thefe perifhable phenomena from being loft, in the neighbour- 
hood of fuch a town as Edinburgh. Similar things are pre- 


fenting themfelves conftantly, but they are opened only for a 
day, and if not feized and recorded | on - inftant, will be fhut 
up, and loft for ever. — | 


_ END OF THE SIXTH VOLUME. 
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